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Introduction and Demonstration Plan Goals

The Clean Coal Technology Program is a nearly $7 billion technology demonstration
program that was legislated by Congress to be funded jointly be the federal government
and industrial sector participants. The goal of the Clean Coal Technology Program is to
make available to the United States marketplace a number of advanced, more efficient,
reliable, and environmentally responsive coal utilization and environmental control
technologies.

Air Products Liquid Phase Conversion Company, L.P. (the Partnership), a joint venture
between Air Products and Chemicals, Inc. (Air Products) and Eastman Chemical
Company (Eastman), will design, construct, own and operate a 260 ton-per-day Liquid
Phase Methanol (LPMEOH™) demonstration unit at the Eastman facility in Kingsport,
Tennessee. The demonstration unit will be located on property currently owned by
Eastman. It will take synthesis gas from Eastman's coal gasifier and will supply an
existing downstream chemical plant with methanol. Some of the methanol produced
will be used in stationary and mobile demonstrations to test the fuel characteristics of
the methanol produced.

nVir enta itori

As specified in the Cooperative Agreement, the Partnership is required to develop an
Environmental Monitoring Plan (EMP) which describes in detail the environmental
monitoring activities to be performed during the operation of the LPMEOH™
demonstration unit. The purpose of the EMP is to: 1) document the extent of
compliance monitoring activities, i.e. those monitoring activities required to meet
permit requirements, 2) confirm the specific environmental impacts predicted in the
National Environmental Policy Act documentation, and 3) establish an information
base for the assessment of the environmental performance of the technology for future
commercialization.

nvironmental jtoring Pl

This plan describes the LPMEOH™ demonstration unit that will be constructed on
Eastman's site in Kingsport, Tennessee; it describes the compliance monitoring and
supplemental monitoring that is associated with the new demonstration unit and the
production of methanol. It further provides information from Eastman's existing
facilities to provide an overall assessment of the LPMEOH™ technology.

Phase 3, Task 4 of this demonstration project is off-site fuel testing of the product
methanol. This testing will take place in 1998 and 1999, two years after start up. An
EMP supplement for this task will be provided at a later date; but at Jeast 60 days prior
to the start of Phase 2, Task 4 Off-site Testing Construction.
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If the decisions from the Design Verification Testing (DVT Phase 1, Task 5) are to
demonstrate the production of dimethyl] ether (DME) as a mixed co-product with
methanol; then an additional supplement to this EMP will be written. The production
of DME is not considered in this EMP.,
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Project Description

a nd and Hi h

The purpose of this proposed project is to demonstrate the commercial viability of the
Liquid Phase Methanol (LPMEOH™) Process using coal-derived synthesis gas. This
project is planned to be conducted pursuant to the U. S. Department of Energy (DOE)
Clean Coal Technology Program.

The United States needs future sources of alternative liquid fuels. With domestic oil
production declining and imports increasing, the potential of producing affordable
liquid fuels from non-petroleum sources could one day prove both strategically and
economically important. The LPMEOH™ Process offers an extremely attractive route
to supplementing our liquid fuel supplies with methanol made from the abundant coal
reserves of the United States.

Methanol also has a broad range of commercial applications. It can be substituted for
or blended with gasoline to power vehicles. It is an excellent fuel for the rapid-start
combustion turbines used by utilities to meet peak electricity demands. It contains no
sulfur and has exceptionally low nitrogen oxide characteristics when burned. It can also
be used as a chemical feedstock.

Air Products and Eastman have entered into a joint venture known as Air Products
Liquid Phase Conversion Company, L.P. (The Partnership). The Partnership will
participate with the DOE in the Clean Coal Technology demonstration of Liquid Phase
Methanol technology. The Partnership will design, build, own, and operate a nominal
260 ton-per-day LPMEOH™ process unit at Eastman's integrated coal gasification
facility site in Kingsport, Tennessee. The program objectives are to demonstrate the
LPMEOH™ process scale-up and operability (up to four years) under various coal-
based synthesis gas feed compositions and to gain operating experience for future
synthesis gas conversion projects. The LPMEOH™ technology offers significant
potential, over existing foreign Lurgi and Imperial Chemical Industries methanol
production technologies to reduce electric power generation costs with the co-
production of chemical feedstocks and alternative liquid fuels. The domestically
developed LPMEOH™ technology uses United States coal to produce clean, storable,
liquid fuels and chemical feedstocks. Eventual commercialization of the LPMEOH™
process would provide chemical feedstock and electric power cost savings, lower sulfur
dioxide (SO} and nitrogen oxide (NOy) emissions, and reduce the use of imported
liquid fuels.

The LPMEOH™ technology to be demonstrated at the Eastrnan facility could someday
be used as an adjunct to an integrated gasification combined cycle (IGCC) power plant
—one of the cleanest and most efficient of the 21st century power generating options.
When the IGCC power plant is not generating at its full capacity, excess coal gas could
be used to make methanol. The methanol could be stored onsite and used in peaking
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turbines or sold as a commercial fuel or a chemical feedstock. In this configuration, the
cost of making methanol from coal is likely to be competitive with stand alone natural
gas-to-methanol facilities.

The LPMEOH™ demonstration unit will be integrated with Eastman's facility,
accepting synthesis gas and converting it to methanol, for use as a chemical feedstock
within the Eastman facility. A portion of the methanol production would be used as a
fuel, for use as a low-NOy combustion fuel for testing in stationary power applications
and mobile transportation use.

These end-use tests would provide a basis for the comparison of the product methanol
with conventionally accepted fuels including emission levels and economic viability.
The program goal of demonstrating methanol as a fuel would lead to the potential for
greater use of oxygenated fuels, which burn cleaner than conventional fuels, thereby
reducing air emissions from mobile (e.g., buses and vanpools) and stationary (e.g.,
engines, turbines, and boilers) sources.

The U. S. Department of Energy, under the Clean Coal Technology Program, will
provide cost-shared financial assistance for the construction of the commercial-scale
LPMEOH™ demonstration unit by The Partnership. Air Products will design and
construct the LPMEOH™ demonstration unit and Eastman will operate it. The
demonstration unit will be a nominal 260 ton-per-day-unit situated on a 0.6 acre plot
within the existing Eastman facility in Kingsport, Tennessee.

The Eastman coal gasification facility has operated commercially since 1983. Eastman
currently both produces and purchases methanol for use at the site. The net affect of
adding the LPMEOH™ demonstration unit is to require the purchase of a nominal 30
tons per day of additional methanol for the site. This net amount also includes the
methanol which will be used in tests of combustion turbines and vehicles. At this site,
it will be possible to ramp up and down to demonstrate the unique load following
flexibility of the LPMEOH™ demonstration unit for application to coal-based electric
power generation facilities.

The operation at Eastman may also include the production of dimethyl ether (DME) as
a mixed coproduct with methano! for demonstration as a potentially storable fuel
pending preliminary laboratory and market Design Verification Test (DVT Phase 1,
Task 5) results.

Project Schedule

The project is divided into the following three phases:

Design
Construction
Operation
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The design phase includes of all of the engineering needed to construct the
demonstration unit. This activity started in October of 1993 and was completed in early
1996. The Construction Phase started in October of 1995 and includes the fabrication
of the equipment and the field construction tasks (foundations, steel erection, etc.). The
demonstration unit is expected to be commissioned by the end of 1996. The off-site
product-use testing is included in the operation phase and is expected to start in early
1998 and finish in late 1999. The demonstration unit will operate (Phase 3) for four
years. During this period it will be operated to prove the commercial viability of the
process. This Methanol Operation task is described in Task 2.1 of Phase 3 of the
"Statement of Work". The latest "Milestone Schedule Status Report” and the "Work
Breakdown Summary” (from the "Statement of Work") are included in Appendixes C
and D.

Site and Facility Description

The 0.6 acre site proposed for the LPMEOH™ demonstration unit is located in
Kingsport, Tennessee, at the Eastman facility. The Eastman facility is on the western
edge of Sullivan County and includes a small portion of Hawkins County. The world
headquarters of Eastman Chemical Company are also located in Kingsport. The
Eastman facility also includes the eastern half of Long Island, where the demonstration
unit is being built adjacent to existing process facilities.

The Kingsport area is shown in Figure 2.2-1. The location of the proposed plant on
Long Island is shown on Figure 2.2-2. A photograph of the Eastman facility as it
currently exists is also shown on Plate 2.1. The current site is a gravel covered area
bounded to the north by an elevated pipe rack, to the west by an interplant road that
runs between the future process area and a chemical manufacturing plant, to the east by
an existing methyl acetate plant, and to the south by an interplant road and control and
change house. The demonstration unit will resembile the existing facility surroundings.

The proposed project includes four major process areas. The reaction area includes the
reactor and its associated equipment. The purification area includes two distillation
columns and their heat exchangers. The storage/utility area comprises oil and product
methanol storage. The catalyst preparation/reduction area is under roof with several
large vessels, slurry handling equipment, and a utility oil skid. An equipment
arrangement plan and isometric view are included in Appendixes E and F.
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Process Description
al Description

The reactor used in the LPMEOH™ process 1s unlike the conventional gas phase
reactors that use fixed beds of catalyst pellets and largely depend upon recycle diluent
gas to both dilute the carbon monoxide concentration and control the temperature rise
caused by the heat of reaction. The LPMEOH™ reactor is a slurry reactor with small,
powder-size catalyst particles suspended in inert mineral oil. The synthesis gas bubbles
up through the slurry where the hydrogen and carbon monoxide dissolve in the oil and
diffuse to the catalyst surface where the methanol reaction occurs. The product
methanol diffuses out of the slurry and exits as a vapor with the unreacted synthesis gas.
The inert oil acts as a heat sink and permits isothermal operation. The net heat of
reaction is removed via an internal heat exchanger which produces steam. Unlike the
gas phase reactors, that limit the per-pass conversion of synthesis gas to methanol to
accommodate the reaction exotherm, the LPMEOH™ reactor maintains isothermal
operation. The methanol vapor leaves the reactor and is condensed to a liquid, sent to
the distillation columns for removal of higher aleohols, water, and other impurities, and
is then stored in the day tanks for sampling prior to being sent to Eastman's methanol
storage. A portion of the unreacted synthesis gas is sent back to the reactor with the
synthesis gas recycle compressor, improving cycle efficiency. The methanol will be
used for downstream feedstocks and for off-site fuel testing.

Unlike the gas phase reactors, the LPMEOH™ reactor is tolerant to CO-rich gas. Shift
and carbon dioxide removal are not required. Low hydrogen-to-carbon monoxide ratios
are acceptable as is any carbon dioxide content. Finally, in contrast to the gas phase
reactor in which the catalyst is sensitive to flow variations and changes from steady-
state, the LPMEOH™ reactor is eminently suited for load-following and for on-off
operation.

The LPMEOH™ demonstration unit will be integrated with Eastman's coal gasification
facility and inserted in parallel with an existing Lurgi technology methanol unit.

Detailed Description

The LPMEOH™ demonstration unit consists of three main process sections: methanol
synthesis, product purification, and catalyst slurry preparation and handling. The
process flow diagrams for the various sections are shown in Appendix A (Sheets 1
through 7); and an equipment list is provided in Appendix B. (Block diagrams for the
Kingsport complex and the LPMEOH™ Facility are also provided in Figures 7-1 and
7-2). A glossary of synthesis gas terminology is provided in Table 3-1. A discussion
of each major plant section, with reference to the specific process flow diagram sheets
in Appendix A, follows.
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Table 3-1

Glossary of Syngas Terms - Process Description

A. erms:
Term;
a Syngas

b Synthesis Gas

c Feed Gas (Feed)

d Reduction Gas

LPMEOH™ Demeonstration Unit

Definition:

Abbreviation for Synthesis Gas

A gas containing primarily* hydrogen (H»), carbon
monoxide (CO), or mixtures of Hy and CO; intended for
"synthesis" in a reactor to form methanol and/or other
hydrocarbon products.

Syngas "fed" to a reactor for synthesis.

A nitrogen/carbon monoxide mixture used to reduce fresh
catalyst.

The four feed gas streams for the LPMEOH™ slurry reactor are:

e Balanced Gas
f CO Gas
g Hy Gas

h Recycle Gas

1 Reactor Feed

A syngas with a composition of hydrogen (H3), carbon
monoxide (CO) and carbon dioxide (CO») in stoichiometric
balance for the production of methanol (approximately 2:1).
A syngas containing primarily CO.

A syngas with a Hp to CO ratio greater than 2.

The portion of unreacted syngas effluent from the reactor,
"recycled” as a feed gas.

The sum of the above four gases, as combined and fed to
the LPMEOH™ reactor.

*(Syngas may also contain carbon dioxide (CO3), water (H»O), and other gases).

EMP-0896
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Methano! Synthesis (Sheets 1, 2, 3)

Three sources of synthesis gas from the Kingsport facility will be capable of combining to form
the LPMEOH™ reactor feed stream. Approximately half of the Balanced Gas fresh feed to the
Lurgi methano! unit will be diverted to the LPMEOH™ demonstration unit (Stream 30). A high
purity carbon monoxide (CO) gas stream will also be available from the Kingsport cold boxes
(Stream 10). The third feed stream will be the hydrogen (H> Gas) exiting the Lurgi unit (Stream
20). Since the Hy Gas stream is at a lower pressure than the other two feed streams, it will be
combined with the Recycle Gas stream (Stream 149), made up of unconverted synthesis gas from
the LPMEOH™ reactor, and compressed in the (29K-01 feed gas) compressor.

The CO Gas and Balanced Gas streams will be combined and passed through the (29C-40
Carbonyl) Guard Bed. This bed, packed with activated carbon, will protect the methanol catalyst
against possible upsets of iron and nickel carbonyl contaminants.

The combined Reactor Feed gas composition i1s typically 60.9% H», 25.1% CO, 4.1% N> and
9.0% CO» (stream 109). This high pressure Reactor Feed gas stream is heated to approximately
402°F in the 29E-02 feed/product heat exchanger against the reactor effluent. The feed is then
sparged into the 29C-01 LPMEOH™ reactor, mixes with the catalyst slurry and is partially
converted to methanol vapor, releasing the heat of reaction to be absorbed by the slurry. The
slurry temperature is controlled by varying the steam temperature within the heat exchanger
tubes, which is accomplished by adjusting the steam pressure.

Disengagement of the product gas (methanol vapor and unreacted synthesis gas) from the
catalyst/oil slurry occurs in the freeboard region of the LPMEOH™ reactor. Any entrained slurry
droplets leaving the top of the reactor will be collected in the 29C-06 cyclone separator. An oil
flush is maintained to this vessel to assist in the knockout of slurry. The product gas passes
through the tubeside of the 29E-02 exchanger, where it is cooled to 250°F by heat exchanging the
effluent gas stream against the reactor inlet gas stream. The condensed liquid oil droplets are
collected in the 29C-05 High Pressure Oil Separator and then pumped back with the entrained
shurry from the 29C-06 separator to the LPMEOH™ reactor by the 29G-01 A/B oil circulation
pumps. To make up for oil losses into the product recovery train, fresh oil is added into the 29C-
05 separator via the 29G-03 A/B pumps. Bypasses have been installed to allow both the 29C-06
and 29C-05 separators to free drain back to the reactor without the use of the 29G-01 pumps. In
this mode, the fresh makeup oil would be added as a flush to the 29C-06 separator.

The product gas (stream 120) is further cooled to 135°F in an air-cooled exchanger (29E-03) and
a cooling water exchanger (29E-04). The liquid methanol which is condensed is collected in the
29C-03 product separator. The overhead stream from the 29C-03 product separator contains
unreacted syngas, 0.9% uncondensed methanol, and 2 ppmw uncondensed oil. Approximately
91% of this unreacted syngas stream is recycled back to the LPMEOH™ reactor after undergoing
compression in the 29K-01 compressor. The balance of the unreacted gas returns to the
Kingsport facility at 100°F and is sent to the boilers.

EMP-0896
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Product Purification (Sheet 3, 7)

The condensed methanol (stream 204) contains 6 volume % dissolved gases, methyl formate,
water, and some higher alcohols. These impurities are removed in a two column distillation train
which will produce a methyl acetate feed-grade methanol product. The liquid (stream 204} from
the 29C-03 product separator is flashed into the 29C-12 Methanol Stabilizer Feed Drum at
approximately 70 psig. This vessel has one hour of holdup time to allow for some lag time due
to rate and composition changes between the reactor train and the distillation system. Flashed
gas from this separator is combined with the overheads of the two columns and sent to the
Eastman boilers.

The first distillation column (29C-10) removes the dissolved gases and lighter boiling impurities,
such as methyl formate, in the overhead (stream 211). The bottoms from this column are fed to
the second train (29C-20) where the purified methanol product is removed as a top stage
distillate product. Any non-condensable are combined with the overhead stream from the
29C-10 and 29C-12. The bottom draw from the 29C-20 1s a crude methanol stream heavy in
higher alcohols, water and any of the oil which was carried over from the reactor. This stream
will be sent to the Lurgi distillation system for recovery of 25% (by weight) of the raw methanol
and disposal of the oil, higher alcohols and water.

The methanol product produced from the 29C-20 distillation column is pumped by the 29G-21
methanol rectifier reflux pump to either the 29D-20 or 29D-21 lot tanks. After the appropriate
purity checks are completed, the contents of the lot tanks will be transferred via the 29G-23
methanol transfer pump to Eastman bulk storage. In some off-design cases where impurities are
greater than normal, the lot tanks will be rejected to Eastman's existing methanol Plant 19 for
recovery. Product methanol for off-site fuel testing will be produced at limited times during the
demonstration period by using only the first distillation column. The bottoms product will be
cooled in the 29E-23 heat exchanger before transferring to the lot tanks.

Catalyst Preparation and Slurry Handling (Sheets 4, 5, 6)

The catalyst slurry is activated in the 29C-30 reduction vessel which is an agitated, 304 stainless
steel vessel equipped with a heating/cooling jacket. This vessel has three purposes:

1. Fresh Sturry Mix Tank
2. Catalyst Reduction Vessel
3. Spent Slurry Receiver.

Any reclaimed oil stored in the 29C-31 accumnulator is first gravity drained into the top oil fill
nozzle of the reduction vessel. The balance of 740 gallons of mineral oil is added using the 29G-
34 pump. The oil is heated to approximately 200°F using the jacketed utility oil skid. Once the
oil is at temperature, 2250 1b. of catalyst oxide is added to form a 30 wt% catalyst slurry mixture.
The agitator is used during this time to ensure adequate suspension and more uniform
concentration of the slurry.

EMP-0896
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Reduction gas, consisting of a blend of 96 volume % nitrogen and 4 volume % carbon monoxide
(CO), is introduced into the reduction vessel via a gas sparger. The agitator is not required once
the reduction gas is introduced. Over the course of the reduction, the slurry temperature is
carefully increased while the consumption of CO is monitored to determine when the catalyst is
completely reduced. The loss of oil to the vapor phase results in an increase to the catalyst
concentration in the shurry from 30 wt % to approximately 40 wt %. The gas stream exiting the
reduction vessel is cooled in the 29E-31 condenser, to condense any oil vapors leaving the
reduction vessel against the reduction feed. The condensed oil is collected in the 29C-31
separator over the course of the reduction. This oil 1s reclaimed at the beginning of the next
catalyst reduction batch. The temperature in the 29C-31 separator condensate accumulator is
controlled by bypassing the reduction feed to minimize the amount of water condensed and
collected with the oil.

The catalyst reduction procedure is compieted in approximately 20 hours. At the end of
reduction, the catalyst is fully active and can be transferred directly to the LPMEOH™ reactor via
the 29G-30 transfer pump.

As new catalyst slurry is added to the LPMEOH™ reactor, the catalyst inventory 1s maintained by
withdrawing an equivalent amount of partially deactivated or spent slurry from the reactor. Prior
to transferring the slurry from the reactor, the 29C-30 catalyst reduction vessel is pre-warmed
using the utility oil skid. The spent slurry is pressure transferred back to the 29C-30 catalyst
reduction vessel via the recycle control valve around the 29G-30 Slurry Transfer Pump. Once
there, the shurry is purged of the dissolved gases and cooled to a safe handling level at a rate of
60°F/hour using the utility oil system. After cooling, the spent slurry is transferred to the drums
or tote bins. The containers will either be shipped off-site to a processor for metals recovery or
will be hauled to the on-site incinerator.

EMP-0896
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Emissions and Discharges
General Description

Figure 4-1 "LPMEOH™ Plant Process and Waste Streams” is a diagram that shows the
processing blocks, the emissions from these areas and the disposal points. The disposal
points for the gas streams leaving the process are 1) existing Eastman boilers, 2) an
existing Eastman scrubber, 3} the atmosphere, and 4) a new vent scrubber (item 29C-
120). The great majority of the material is unconverted synthesis gas which goes to the
boilers and is burned. These streams will be detailed in subsequent sections.

The solid waste streams will go to either 1) an offsite metals reclaimer, or 2) an existing
Eastman incinerator.

The liquid wastes including storm water run-off from process areas will be treated in
Eastman's existing Wastewater Treatment Facility.

ospheric Emissions and Control Systems
Four types of streams comprise the emission to the atmosphere:

1) Those that are treated in an existing vent scrubber in Plant 31 (31C-30)

2) Those that are sent to an existing boiler and burned

3)  Those that are vented through the new 29C-120 Vent Scrubber to the atmosphere
4)  Those that are vented directly to the atmosphere through local vents.

These streams are listed in Table 4-1. No new control devices are added except for the
29C-120 Vent Scrubber. This device is designed to handie plant emergency situations.
The great majority of the plant safety valves are either vented to the 29D-02 Slurry
Tank (if they contain oil) or the 29D-01 Safety Relief Knock-Out Drum. These vessels
would contain liquids for identification and disposal. The vapors from these tanks go to
the 29C-120 vent scrubber. Since this stream might contain methanol vapor, it is
contacted with a water spray before it is vented through the tall stack to the atmosphere.
The water spray is activated by a flow vane which detects any flow to the 29C-120.
The scrub water from this vessel goes to the sewer and on to the wastewater treatment
facility, Appendix A, Sheet 5 shows the relationship of the 29D-01 and 29C-120
described previously.

Aqueous Discharges and Control Systems

The aqueous discharges of the facility are directed to three discharge points.

. The existing Eastman wastewater treatment piant
- Directly to the Holston River
. To the existing Eastman Plant 19 (Lurgi Methanol Plant)
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TABLE 4-1 ATMOSPHERIC EMISSIONS
Environmental Monitoring Plan

LISTING OF WASTE STREAMS THAT END UP BEING VENTED TO THE ATMOSPHERE

Point Stream description Source

21

24

25
23
19
37
148

27

35
35
35
35

35

36

To Existing Ven! Scrubber in Eastman's in Plant 31

MeOH Storage Vent D-20 & D-21
MeOH Drain Tank Vent D-25

To Tail Gas Header- To Existing Eastman Boilers
Compressor (process side) Seal Gas K-01
Reduction Gas Vent C-31
Guard Bed Regeneration

Plant Feed Gas Bypass

Distiliation Fuel Gas C-11.C12&C-21
Analytical Sample Streams

Main Purge Gas Stream C-03

Total of all the above streams to the Existing Boilers
Vented Directty o the Atmosphare

Compressor(gear box sidejseal Gas K-01

Oit Storage Tank(D-30) Vent D-30

Qil wWatet separator(C-50)Vent C-50

Start up steam c-02
Equipment Leak Emissions

Compressor(K-01)lube Qil Vent K-70

Vented Through 29C-120 Vani Scrubber

Safety Relief KO Drum(D-01) D-01.002

Notes:

(a) Point refers to points shown on Figures 7-1, 7-2, and 7-3

(b} N= not measured: Y= measured

(d)
Vaive MB point
PSV 1680
PSV 1648
V1041

19
PV 150 148
PCV1421
V1408
F1801 765

o
Flow

F-810

Fl 157

2 22222

{<) N= not analyzed; Y= analyzed;, GC# = anaiyzed ot continuous gas chromatograph point #
(d) MB Point = Material Baiance Point shown on Process Flowsheet (Appendix A)

TABA1-5Q.XLS FSF  5/9/96

©
Analysis

GC #10

GC#8

GC #7

zZ < Z2 2Z Z 7
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4.3.1.1

43.1.2

432

433

us Flows to.the Wastew eatment t

Process Flows

The following process waste streams are directed to the sewer system which flows to
the Eastman wastewater treatment plant

s Boiler Feedwater Blowdown
e Scrub Water from 29C-120 (intermittent flow)

Non C low

All of the process areas are curbed and contain catch basins leading to the sewer
system. Process areas which might have an oil or catalyst slurry spill are directed to an
oil water separator installed below grade. The function of this device is to first of all
collect the solids in a head works area (the velocity through the separation is less than
3 ft/min). Any oil is separated by uniquely designed plates that attract the oil to their
surface, the oil flows up along the surface and i1s skimmed away to a storage
compartment. As required, this oil will be removed by a licensed contractor for
disposal. The solids will also be removed and disposed of in the same manner. The
process areas that do not have the oil spill potential will bypass the oil/water separator
and go directly to the interceptor sewer. These flows are shown in Figure 4-2.

A ws Directly to the Hols iver

» Cooling Tower Blowdown - The LPMEOH™ facility receives cooling water from
an existing cooling tower. To the extent that it contributes additional heat [oad to
the tower it will induce an incremental blowdown requirement. The tower
blowdown goes directly to the river without treatment.

+ Stormwater runoff from non process areas will flow through the storm-water drains,
ditches, and/or swales and will be directed to the river.

ue low t t i t

The bottoms from the 29C-20 methanol rectifier column contain methanol, water and
higher alcohols. This stream goes to a distillation tower in the existing Lurgi plant for
recovery of additional methanol. It contributes to a waste stream that is generated at the
bottom of a subsequent distillation tower. Currently, the alcohol/water stream is treated
in the wastewater treatment facility. However, due to the increased flow from the
Liguid Phase Methanol plant and the limitations of Plant 19 distillation, it may become
necessary to install additional controls in order to comply with HON! requirements.
Eastman is evaluating the current capabilities of Plant 19's distillation section.

1Hazardous Organics Portion of National Emission Standards for Hazardous Air Pollutants

EMP-08%6
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4.4

4.4.1

4.4.2

olid Waste Discharges an ement Syste
The plant has only two solid waste streams:

» Spent Catalyst - a slurry
+ Guard Bed Adsorbent

Spent Catalyst Slu

A portion (about 5%} of the catalyst slurry is removed from the reactor every 12-14
days. This slurry is approximately 40 weight % reduced catalyst and 60 weight %
mineral oil. It is cooled and stripped with nitrogen (o remove any alcohols or other
light materials (this stripping gas goes to the boilers). The slurry is put into drums and
sent to a metals reclaimer where the copper and zinc values are recovered.

ar d t

It is anticipated that a singie charge of activated carbon will last for the four-year
demonstration. Provisions are made for regenerating the adsorbent by heating with
nitrogen gas (this waste gas aiso goes to the existing Eastman boilers). When the
carbon loses its ability to adsorb nickel or iron carbonyl it will be removed, packaged
in fiber drums and sent to the existing Eastman incinerator. An alternative might be to
send it back to the manufacturer for recycling.

EMP-0896
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5.1.1

5.1.1.1

5.1.1.2
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Compliance Monitoring

Existing Svstemn

Eastman's Kingsport facility has approximately 600 process emission sources. These
permits account for over 2600 process vents. The State of Tennessee has granted an air
construction permit for the LPMEOH™ addition. The LPMEOH™ Process emission
source contains five process vents, three from oil storage equipment, one from the relief
system, and the last vent accounting for equipment leaks. These vents and the permit
will be described later in this section.

The LPMEOH™ demonstration unit will impact the air permits for two other process
emission sources, the B-325 botlers and the plant 31 scrubber. In addition, because of
the large capacity of Eastman's waste water treatment facility, the affect on the existing
permit for the outfall to the river is negligible. All of these issues will be addressed in
more detail later in this section.

Gaseous Streams
Boilers

NSPS and the HON require Eastman to monitor whether flow from the waste gas
header is being vented to the boiler, to another control device such as the flare, or to the
atmosphere. Normally, flow is directed to the boiler. A semi annual report is filed with
the state indicating when the stream is diverted to the flare. No other monitoring is
required.

Another regulation that covers one of the boilers is the Boiler and Industrial Furnace
regulations that are part of RCRA. Since a vent is being added to the header, a waste
characterization will be needed. This would involve initial sampling and analysis of the
header gas after the LPMEOH™ demonstration unit is operational. The current law
also requires additional sampling after three years. These samples will be analyzed for
metals, chlorine, heating value, and ash.

Plant 31 (Methy! Acetate Plant

Documentation produced by the permitting personnel at Eastman in agreement with
state regulators do not indicate that controlled storage tanks will need to be monitored
to meet NSPS and HON regulations, but that the device that is controlling the emissions
will need to be monitored. Measuring water flow and acetic acid flow to the absorber is
adequate proof of the removal efficiency and will be all that is required. Regardless,
because Plant 31 is a covered HON process, this monitoring will have to be done and
no additional monitoring equipment will be required.



5.1.2.1

5.1.3

52

5.2.1

EMP-0896

5-2

Agueous Streams

ischar t ew

Wastewater from the demonstration unit is combined with wastewater from all the
plants in the coal gasification complex in Eastman's interceptor sewer (ITS). This
combined wastewater stream will be monitored for total flow, Total Organic Carbon
(TQC), and pH before the Waste Water Treatment (WWT) Plant and at the outfal] as
specified in the NPDES permit. All process areas are curbed and drain to the ITS to
contain any potential spills.

Solid Was

The solid process wastes generated by the demonstration unit will not be co-mingied.
A discussion of their monitoring is included in Section 5.2.3.

Demonstration Project
Air Permit

The Air Permit for the LPMEOH™ demonstration unit is included in the Appendix. It
identifies five new sources from this demonstration (see Fig. 5-2):

Conservation Vent from 29D-30 Fresh Oil Storage Tank
Conservation Vent from Tank 29D-31 Reclaimed Oil Storage Tank
Conservation Vent from Tank 29C-36 Slurry Centrifuge Surge Pot
Relief System; Vent from Water scrubber 29C-120

Equipment leaks (Fugitive Emissions)

Mo oW

Table 5-2 shows the type and quantity of emissions from each of these sources. Note
that process changes have resulted in the deletion of 29D-3] an - nk vents,
These sources had negligible emissions so there is no impact on the permitted
quantities.

Point A above does not require monitoring as determined by the State because the
vapor pressure of the mineral oil it contains is extremely low. As mentioned above,
points B and C no longer exist.

The permit for point D shows a very small flow of carbon monoxide (0.88 tons/yr.).
The design of the system producing this material (Conservation vent on 29D-02) has
changed from 2% vol. CO to 2% vol Hy. The flow has been reduced to .02 1b./hr of Hy
which would produce approximately 0.09 tons/yr. of Hy emission in this stack. Any
other flows to this source would happen only under upset conditions. The
demonstration unit has been designed to mintmize the scenarios where the safety valves
will be lifted. This stream does not require monitoring as determined by the EPA; there
is no applicable standard for hydrogen.
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Process Imission Source

Number B-48A-1

Date NaC 0 9 'ase
Page 153d nf 15
Emigsion Chances faor New/Modified Sources
* This R
Vent Type of Application | Application Net Change Net Change
Code Emigsicn Max. Lb/Hr Max. Lb/Er Hax. LbB/HEr ZEg.[Yr. | _Hax. T¥P
A voc Not Applicable Negligible - 8760 | Neoligihlo
B voC Not AgplicablL Negligible ~ 8760 1 Neglie:hle
C vOC Not ApplicablL Negligible ~ l 8760 4 Negligible
D o Not Aonlicab1$ 0.20 +0.20 87580 +H 88
Fugitives voc Not Applicablé 4.56 TPY - | 8760 | ease
co Not Applicable 1.72 TBY - 8760 | +1.72
TSP INot Applicable 0.10 TPY - 8750 =010
Others Not Aublicabll 1.68 TPY - B760 +1.68
e L
max. meax.
!ptal Emission Change: lbs./hr. TPY
vOoC - +4.56
TSP - +0.10
SO2 - . -
NO_ - o= -
co ~ +2.60
Other - +1.68

*  Previcus Application Submittal Date

(Hew Scurce)

TABLE §-2
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Fugitive Emissjons

Under requirements covered in the HON, Eastman is required to establish a Leak
Detection and Repair (LDAR) program for the LPMEOH™ demonstration unit. This
program will use EPA method 21 to test all potential leak points for fugitive VOC
emissions on a regular basis. Leak and repairs will be documented as specified in the
HON.

The LDAR program requires monitoring on a quarterly basis. The monitoring involves
using a flame ionization detector to sniff the air around potential leak points such as
valve packing and piping flanges. The detector checks ppm levels of Volatile Organic
Compounds (VOC). At this time, the Fugitive Emission Management (FEMS)
database for the demonstration unit has not been built. However, Table 5-3 shows an
example of a FEMS database report for the existing methano! unit. A "leaker" is
defined as a potential leakpoint with emission greater than 500 ppm VOC. Leakers
must be repaired within a specified timeframe. If the percent of leakers drops below
2% of the total number of potential leakpoints, the reporting frequency drops to once
every six months.

In addition to the LDAR requirements, the Industrial Hygiene Department will conduct
a workplace exposure study to determine the normal CO background concentration.
This will be done by placing a portable CO analyzer and recorder on a LPMEOH™
operations person during the course of a full day. The analyzer will record the
concentration of CO that is encountered in a normal day of plant operation. This study
will be conducted once within six months after the start of operations. Experience has
shown that unless procedures change this one time study will be adequate for the four
year program.

Particulate Emijssions

Particulate emissions from the catalyst handling process will be monitored by the
Industrial Hygiene Department in periodic workplace exposure studies. Similar to the
CO monitor, a device to monitor particulates will be worn by a LPMEOH™ operator
during the catalyst charging process. The device will record the normal exposure level
to particulate emissions that personnel will encounter during this process. This study
will be conducted once during the first year of operation. Experience has shown that
unless procedures change this one time study will be adequate for the four year
program.

Aqueous Streams

The aqueous discharges from the demonstration unit are described in section 4.3. None
of the sources end up as new discharge points to the environment, each represents a
small addition to an existing discharge point. As described in section 5.1.2 these
streams do not effect the existing Eastman permits and therefore are not required to be
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monitored separately. As required by the NPDES permit, the combined stream is
monitored at the outfall of the wastewater treatment facility. These results are reported
quarterly to the State and will be included in the quarterly Environmental Monitoring
Report (EMR).

Solid Wastes

There are two solid waste streams from the demonstration unit. The first is the spent
catalyst slurry which will be sent offsite to a metals reclaimer. The second stream is
spent guard bed adsorbent (note that there are two guard beds in the process, the
existing one which contains a catalytic material and the new bed which contains an
adsorbent matenial) which will be incinerated on site. The Eastman incinerator is
classified as a hazardous waste incinerator. Both hazardous and non-hazardous waste
can be burned in this incinerator. The state only requires that input rate of hazardous
waste be monitored. Because the guard bed adsorbent for the demonstration unit is
similar to the guard bed adsorbent used in the existing Methanol unit which is
considered non-hazardous based on testing required by RCRA, compliance monitoring
should not be required. It will be necessary to confirm the non-hazardous classification
when the new guard bed is in operation.

EMP-0896



‘sjutod jdwexgy sie poyjsw uu:MMHQEou 1ensTA Yatm siutod aodep 1o pinbrg 3ubil ‘835 ¥ NOD I04 v 830N
‘paiontuow sjutod JO Isqunu [ej0] Syl U0 pIseq ST L,519WedT 3UDIId, (f 930N
qurod awes ayl uo sjdwsije ardiainu sapnyouy ,s3dwalrly Ateday jo zaqunp. iz IIOH

‘Atuo sidwajie Buriojjuow 3SaT) HWpNIOUY ,PIINPAYIS Aaqwny [eIITUI, T 930N

A0 TUOK

0 s'iL8 1 L ot 9z°g 8 0 Zs1 / pinbty aybyg dld

] ¥/N 0 0 o /R 0 0 56 SNI 103 Aleunng

0 Y/N ] 0 0 v/N 0 0 81 1ensip / xodep SNI
Tensip

0 ¥/N 0 0 0 v/ 0 0 LL / pinbiT 3ybig SNI

0 ¥/N o 0 ] /N 0 0 . LE SAD 103 Axeunmg

0 Y/N 0 0 0 ¥/N 0 0 9 fensta / xodep SAD

0 suuy 0 0 Q 000" 0 0 1€ 103TUOl / 1odep SAD

0 ¥/N 0 T [ § v/N 11 0 99¢1 NOD 103 Aileunung

i} ¥/N 0 0 0 v/N 0 0 821 Tensip / aodep NOD

0 00T 0 € v LT € 0 61T Ioj1ucy / Jodep NQD
1ensTp

0 /N 0 0 0 v/N v} 0 ¥EL / prubur aybin NOD
IQITUGY

0 00T 0 ) 11 z0°1 9 0 S8L / pinbrp ubig NOD

skeraq Peateday Buypyean paareday e1dwayyy E33xea] gIa)ea] Bututeway panpayss adAL / @3eag adAL

ateday  IUIDIBG TTT3as Taquny Iteday  AUBDIB4 A3qUNN siurod dsqunN  zojTucl / festways  juawdinbg

avquny I13quiny Jo Iagquny TerarTul

HOdW eIy qns

WY¥-QIov vexy
96/10/20: @1eq Bujpuz poueg Bujuodey
$6/10/1L0° eleq el pojied Bujpoday
UO|SIAIQ PIOY 7 40 ( 29vd
podoy bﬂ‘._,..E:m yean € -5 1w L

96 Aawnaqai’ o'(:peiexsusso aiodey saeq



‘sjutod 3jdweaxy 2ae poyzaw dsuerTdwod Tensta Yatm siurod zodep a0 pinbia aybI ‘UIS ® NOD 104 Yy 210N

‘peroiztuow sB3jutod JO Jequnlu [e303 9YJ UD paseq BT ,518)PaT JUADIAd.

‘f 810N

-jurod swes a8yl uc s3dwajje aydrijnw sapnyour ,B3dwally ITeday jJo asqunN, {Z SI0N
*ATuo s3dwsjje Burzojjuow 3ISITI SIPNTOUT ,PAINPAYDS I3quny TeTIITUL. T 2ION

€ Y/N v €t £d /N L€ S9€ 8tTLE HOFW 303 Alewung
13 ¥/N £ ¥Y LY ¥/H LT 59¢ 65€T ATTA 103 Axeuung
z 0°0s z z v T | v 16 ETE 103fuol / xodep NIA
ensia
0 ¥/N 0 T 1 Y/N 1 o 1 / pinbry 3yb ATA
1073 THO
T L'T6 T TT zT s71°1 z1 vLZ SEDT / pInbrT auybin ATA
0 ¥/n 0 0 V] ¥/H 0 0 ozt A¥d 303 Axeuunsg
0 v/N 0 o o ¥/N o . 0 0zl 1ensta /o aodep Ald
0 ¥/N T 8 Tt /N 6 ] i¥L dWd 1c3 Axeunng
Iens1a
o ¥/N 0 1 1 ¥/N 1 0 685 / prabur Jubig dld
‘gheraqg PP3tedsy  bBuryea paxteday 93dwalqy EIeI] 813)ean Bututewsy parnpayos add),  / @3eas adAL
ayeday  IUIDIIg TIIAS Iaquny xteday Juanaad IaqunN s3UTOg asquny 103TUOH / jestwayy  auswdinbg
Jacquny A3qUNN 3o asquny Teratul
HOZW weeaxy qns
YW-aqIov veIyY

N

9¢ Kxenzqag ww"ﬁvu6uu:03 Jaoday ajen

96710720 @jeq Bujpu3 pojied Gujuoday
S6/40/L0: @1eQ Me)S poued Bupuodey
:o_m?__ﬁ Py
Hodey Aue: - 'ung xeeq

< wo 1 3oud
€ =S 319V¥_L



6-1

6. Supplemental Monitoring
6.1 General

The attached Figure 6-1 1s from the Cooperative Agreement. It describes in simple
terms how the Liquid Phase Methanol Demonstration Unit integrates with existing
Eastman Facilities. The Cooperative Agreement states that even though the data from
the existing subsysterns (non-shaded blocks) are not considered contract data, Eastman
will provide certain types of "Publicly Available Technical Data" for these units. An
outline of this data is contained in section 6.2.

A description of the data that will be collected on the Liquid Phase Methanol
Demonstration Unit is given in 6.3.

6.2 Existing Subsystem Data
6.2.1 Catalyst Guard Bed

The existing catalyst guard bed (shown in Figure 7-1) at Eastman's gasification facility
is designed to remove all sulfur containing compounds from the feed synthesis gas. It
has been in service since 1991. The guard bed catalyst has been replaced only one time,
in 1995. It is not expected to be replaced again until 1999. Figure 6-2 shows a
configuration of the guard bed with relevant dimensions. The synthesis gas streams
before and after the guard bed are analyzed periodically for hydrogen sulfide. From
this analysis, a sulfur removal efficiency can be determined (typically the efficiency is
45-50% removal).

6.2.2 Methano] Distillation

Refined methanol from the LPMEOH™ demonstration unit would be combined with
refined methanol product from the Distillation unit in Eastman's existing Plant 19
(Lurgi Methanol Plant). In addition, a crude methanol streamn from the LPMEOH™
demonstration unit would be fed to the Distillation unit in Plant 19 for further refining.
All of the refined methanol will be used in Eastman's existing methyl acetate
production facility. Table 6-1 lists the specification that Eastman uses as the basis for
their internal acceptance criteria.

623 Coal Gasification

In order to corroborate coal gasification data from other Clean Coal Technology
projects, Eastman will provide publicly available data from the existing gasification
complex. Figure 6-1 shows a schematic of the Eastman Coal Gasification and Gas
Cleanup facility with the major streams entering the facility and the major effluent
streams. Table 6-2 lists the streams and the parameters that will be monitored and
reported from publicly available data.

EMP-0896
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6.3.1

6.3.2

6.3.3

6.3.4
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iguj ase Methanol Dat
1994 Catalyst Poisons Study

A comprehensive study of all three of the future feed streams to the Kingsport
LPMEOH™ facility was conducted by APCI's and Eastman's analytical teams. The
study was completed over a one year period and analyzed the following streams and
solids for trace compounds which might poison the LPMEOH™ catalyst:

. spent catalyst from Eastman's existing Lurgi unit
. spent guard bed adsorbents from the Lurgi unit

. gas cylinders of the three feed streams collected at two different points in time and
analyzed by APCI's analytical team in Allentown

. on-line sampling conducted by both Eastman and APCI analytical experts at
Kingsport

The study included the elements and inorganic compounds that are recognized as
Hazardous Air Pollutants' (HAPS). A summary of our findings, as well as individual
reports on different analytical tests are included in the appendix.

P ™™ Reactor St

An additional study is planned to assure that the Kingsport feed gases do not contain
any, as of yet, unquantified trace compounds that could poison the catalyst. This study
will be conducted in mid-1996 and will invelve running a portable lab-scale slurry
autoclave using two of the feed gases at the Eastman site. The portable unit will be
equipped with different size guard beds to allow testing of various adsorbents, should a
catalyst poison be found. It will also be equipped with appropriate gas chromatograph
equipment to allow quantification of known catalyst poisons, as well as the bulk gas
analysis. The tests are expected to last approximately 4 weeks. The schedule for
construction and startup of the portable laboratory, the details of the analytical
equipment being installed, as well as, a P&ID for the test unit are attached in the
appendix.

ir Monit
No supplemental air monitoring is expected.
Noise
The plant is designed to meet OSHA noise regulations. The K-01 feed gas compressor

is expected to be near the 85 dBA limit during operation. This unit will be tested
during startup.
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TABLE L+ . L

Refined Methanol Internal Acceptance Criteria

Upper
Internal _
Component ' E:iltlfacmra% T. 70 )
Acetic Acid 0.0030 %
Water -0.0300 %
Decane 12 ppm
Methyl Alcohol | 99.9 % (lower limit)
Acetone 125 ppm
Ethyl Alcohol 500 ppm

TABLE 6-1



List of Streams Entering and Leaving Eastman's Coal Gasification Facility

Stream Description Parameters*

D Coal Fresh coal to gasifier F,CH

'54 02 Oxygen fed to gasifier F

‘Dl H20 Water fed to gasifier F

o Ww Waste water from Gasifier F.C

E\ SG Clean Syngas from gasification facility F.C.Tp
n S Sulfur recovered from gasification facility FA

") co2 Carbon dioxide produced from gasifier FA

E@l Slag Slag generated from gasifier F

A = Assay or Punty
C = Composition

F = Flow

H = Heat Value

P = Pressure

T = Temperature

TABLE 6-2




6.3.5

6.3.5.1

6.3.6

6.3.6.1

6.3.6.2

6.3.7

EMP-0896

igquid Waste jtorin
Non-Process Flows

The oil water separator will be inspected monthly. The volume of materials (o0il and
solids) that are removed will be recorded. The amount of any waste oils that are
generated by the facility will be recorded. (Function of the oil water separator and
waste disposal are described in 4.3.1.2.)

Solid Waste
Spent Catalyst Slurry

Each batch of spent catalyst will be analyzed for percent solids.

The total weight of the material will also be reported. This will be compared to the
Environmental Assessment (EA) data. (Disposal of this non-hazardous material is
described in 4.4.1.)

Spent Guard Be -40) Adsorbent

This material will either go to the Eastman incinerator or will be returned to the
supplier. The weight and volume will be recorded. (Disposal of this material is
described in 4.4.2))

Confirmati fE from ical Re:

The Phase 3, Task 5 - Data Collection and Monitoring task in the Statement of Work
will provide confirmation of the environmental acceptability of the LPMEOH™
technology for replication in future projects. Air Products will prepare Topical Reports
as further outlined in the Demonstration Test Plan and Technical Progress Reports
containing the analysis of the operation of the LPMEOH™ Process Demonstration
Unit. These Reports will include compositions, temperatures, pressures and flowrates
of materials and energy entering and leaving the LPMEOH™ Process Demonstration
Facility. This will include any potential HAPS (Hazardous Air Pollutants) determined
to be of significance.

If the Task 5 analysis of the operation of the LPMEOH™ Process Demonstration Unit
show any discrepancies which might impact the environmental acceptability of the
LPMEOH™ technology, then this Environmental Monitoring Plan will be appropriately
modified to address the discrepancy.



Section 7 - Data Management and Reporting

7.0
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eneral - Bac nd verview

The LPMEOH™ process will be commercialized in conjunction with integrated
gasification combined cycle (IGCC) electric power generation facilities. The
LPMEOH™ process is aimed at directly converting synthesis gas, as produced by
modern coal gasifiers, to produce liquid fuels and chemical feedstocks as a coproduct
with electricity. The demonstration at Kingsport has some of the features of this
commercial application, such as the coal gasification and gas cleanup facility, which
operates steadily at full load, both at Kingsport and for commercial applications.
However, other needs of the demonstration are not available at Kingsport, such as : a)
synthesis gas compositions rich in carbon monoxide "as-produced” directly from the
coal gasifier, and b) a combined cycle power plant with electricity demand load-
following. Other CCT Projects (e.g. - Tampa, Wabash River) are demonstrating
IGCC, so commercial and environmental data will be available from these CCT
Programs, to fill in the gaps that cannot done directly in the demonstration at
Kingsport. The LPMEOH™ process demonstration at Kingsport must therefore
depend in part, on a carefully developed test plan, with specific tests which simulate
operation of future IGCC/LPMEOH™ commercial plant designs in which methanol is
coproduced with power in a combined cycle coal gasification plant.

The carefully developed operation test plan 1s to be carried out during the four-year
methanol operation phase (Task 2.1 of Phase 3). Task 2.1 is broken into three
sequential tasks, in each of which appropriate test runs will be conducted to simulate
and demonstrate the commercial IGCC design integration. The actual test runs will
depend on the results of previous operations. A "run authorization" document
containing the run goals, feed gas availability, safety concerns, details of the operating
conditions, non-typical samples to be taken and expected results for each specific case,
will be issued and will be available for DOE review prior to the start of the run.
Results of each run will be reported in the Quarterly Technical Progress Reports,
including compositions, temperatures, pressures and flow rates of materials and energy
entering and leaving the LPMEOH™ process demonstration facility, in addition to
recycle streams, run lengths, and other data indicative of process reliability and
operability.

EMP Data Management and Reporting.
The EMP data management and reporting will take into account:

« the differences between the Kingsport demonstration and future
IGCC/LPMEOH™ commercial plant designs; and

« the environmental data which other CCT IGCC projects will provide; and

» the timing of the different operational test stages and specific tests to be done at
Kingsport during Task 2.1 Methanol Operation.
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Two EMP objectives must also be satisfied:

« the need to have environmental data which characterizes the special attributes of
the LPMEOH™ process technology; e.g. - to support engineering data
requirements on environmental impacts of future projects, (In general, this data
will be gathered and included in the Quarterly Technical Progress Reports for the
specific commercial Task 2.1 tests).

» the need to identify and confirm environmental impacts and the performance
predicted in the NEPA documentation for this project. (In general, this data will be
gathered and included in the EMR quarterly and annual reports, under the
Compliance Monitoring (5.0), and the Supplemental Monitoring (6.0) Sections,
and summarized later in this Section 7.).

Overall data management and reporting, to meet these two EMP objectives, is
discussed in Sections 7.1 through 7.5 of this EMP. Figure 7-1 shows how Eastman's
Coal Gasification and Lurgi Methanol Units integrate with the LPMEOH™
demonstration unit. Figure 7-2 shows the main flows to and from the LPMEOH™
demonstration unit and details which flows are continuous and which are intermittent.
Figure 7-3 shows the miscellaneous streams that leave the LPMEOH™ demonstration
unit. A description of each of these streams is provided in Table 7-1, which also
describes details of the data to be reported, the frequency of data collection and of the
sampling and analytic methods.

tman ing of "Publiclv Avaijlable Technical Data".

Refer to Figure 7-1 and Table 7-1. Eastman reporting of "Publicly Available
Technical Data."”, relating to the three LPMEOHT™ process related areas (described in
the Statement of Work), will be done as follows:

(a) The gasifier facility at Kingsport. Material balance point #5; 1,2, 3,4,5,6, 7,
and 8 will be provided in the first year of operation of the LPMEOH™ demonstration
unit. If a significant change in gasifier facility operation (e.g., feed stock change,
equipment modifications or additions, etc.) occurs, then an update will be provided.

(b) Catalyst Guard Bed on Balanced Gas. Material balance point #'s 5 and 9,
including quantities of trace impurities entering and leaving the Catalyst Guard Bed,
will be provided in the first year of operation of the LPMEOH™ demonstration unit.
If a significant change occurs (e.g. new or additional catalyst, process change, upsets,
etc.), then an update on these material balance points will be provided.

Information that has a significant impact on the cost of the guard bed unit, including
frequency of replacement of guard bed materials, overall sizes or dimensions of

equipment, information on run lengths indicative of process reliability or operability
and information relating to operating costs anticipated for a commercial facility, will
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be provided in the first year of operation of the LPMEOH™ demonstration unit. An
update will be provided if a significant change (as defined above) occurs.

(c) Crude Grade Methanol Distillation. A typical analysis of the crude grade
methanol (Material Balance Point # 242) for the first year of operation of the
LPMEOH™ demonstration unit will be used for engineering calculations, which will
be made to determine the ultimate disposition of the Contained Components. The
impact on Material Balance Point # 28 will be calculated and reported, as part of this
engineering calculation. During subsequent Process Operational Tests, the
composition of the crude methanol 1s expected to change, and additional engineering
calculations of the impact, covering the range of typical compositions, will be done.

The above three areas will be included in separate, Special Topical Reports to be
issued in Year 1, and will be summarized in the Year I Annual EMR report. Table 7-1
summarizes the streams, and the tests and reporting that will be provided. Updates, if
any, will be included in subsequent Quarterly EMRs.

R i f Information in Technical Progress Reports

Refer to Figure 7-2 and Table 7-1. Material balance point #'s 10, 20, 30 (synthesis gas
in), 216, 242, (methanol product out), and 148 (unreacted synthesis gas out; e.g. - the
fuel gas which would go to the combined cycle power plant in the commercial
embodiment) are the essential key flow streams for commercial operations. These
balance point #'s and the internal streams Recycle Gas (149), Reactor Feed Gas (109),
Reactor Section Effluent Gas (120) and Methanol to Distillation (204} will be
summarized in the Quarterly Technical Progress Reports for the various operational
test runs during the four-year methanol operation phase (Task 2.1 of Phase 3).

Material balance point 19 is specific to product purity requirements, but at least one of
the three streams that comprise stream 19 will be present on all future commercial
projects. All such streams would go to a tail gas fuel header similar to what is being
demonstrated at Kingsport. Tail gas fuel header design data for point 19 will be
reported in the Quarterly Technical Progress Reports.

Reporting of information on these material balance points will also be included in
separate Topical Reports prepared throughout the demonstration period. Table 7-1
summarizes these streams, and the tests and reporting that will be provided.

Reportin P liance Monitoring Information
T.efer to Figures 7-2, 7-3 and Table 7-1. Material balance point #'s 27 and 34 will be
reported in the Quarterly Environmental Monitoring Report (EMR), as part of the

Compliance Monitoring Information described in Section 5 of this EMP.

If there are changes to the Clean Air laws that would require additional reporting, then
these data will be included in the Quarterly EMRs. Table 7-1 summarizes these
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compliance monitoring points, and the tests and reporting that will be provided in the
EMRs.

e ing o P le al itorin

Refer to Figures 7-2, 7-3 and Table 7-1. The remaining material balance point #'s
shown in these Figures are as follows: balance point #'s 29, 21, 22, 23, 24, 25 and 26
in Figure 7-2; and balance points #'s 37, 31, 32, 33, and 36 in Figure 7-3. These
balance point #'s will be reported in the Quarterly EMR, as part of the Supplemental
Monitoring Information described in Section 6 of this EMP. Data for points not
monitored will be calculated or estimated. Summary of points defined in Stream 35
contain normaily N or steam under normal process conditions; the EMR will report
any deviations. Table 7-1 summarizes these streams, and the tests and reporting that
will be provided in the EMR.

A table which summarizes the total synthesis gas use and Methanol Production for the
reporting period will also be provided in the Quarterly EMRs. The table will list the
following:

- Total synthesis gas consumption (units of thousands of standard cubic feet) for
Stream #10, #20, and #30.

- Total methanol production (units of tons) for Stream #216 and #242

-~ Total plant purge (units of thousands of standard cubic feet) for Stream #148.

nvj a itori e R'

Environmental monitoring shall be conducted under the EMP and shall be reported in
quarterly and annual Environmental Monitoring Reports (EMRs). The EMR's will be
prepared on a quarterly basis, for the anticipated four-year operating period. The
reports will contain the following:

» adescription of project status including a summary of Methanol Preduction and
synthesis gas use.

« details of the sampling and analytical procedures.

« summaries of the environmental and health monitoring data collected, including
Compliance and Supplemental Monitoring information per Section 7.3 and 7.4
above.

« the project's permit compliance status.

« copies of compliance reports and analyses sent by Participants to regulatory
agencies.

« identification of problem areas encountered, with an action plan and status report
of resolution.

« recommendations of modification or deletion of supplemental monitoring tasks not
yielding useful data.

« appendices with sampling and analytical data sheets.
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The Annual EMR shall contain the fourth quarterly report, and will summarize and
analyze information from prior reports.

eporting Regui 15t

A Reporting Requirements Check Lisf is provided (Table 7-2) for the reports that are
described in the EMP and the DTP.



Stream No.
Description

PFD Material Balance Point No.

Gas Chromatograph Point No.

Reported in:
EMRs (Compliance)
EMRs (Suppiemental)
Technical Progress Reports
Topical Report

Temperature

Pressure

Flow Rate

Composition

GC Analysis of Gases in

LPMEOH™ Plant (Vol %)

Hydrogen

Carbon Monoxide
Nitrogen

Carbon Dioxide
Methanol

Dimethyl Ether
Methane

Oxygen (Argon)
"Other" (by difference)

Coal Analysis (Wt %)

Hydrogen

Argon

Sulfur

Oxygen

Nitrogen

Moisture

Fixed Carbon

Ash

Chlorine

Heating Value (BTU/#)

Methanol Analysis (Wt %)

Acetic Acid
Water
Decane
Methanol
Acetone
Ethanol

% Oy

Analysis Frequency
Sampling Technique
Analytical Method

EMP-089%

TABLE 7-1
1
Frash Coal to Gasifier
N/A
N/A

P

N/A
Grab
Infrared, ICP

2
Oxygen Feed to Gasifier
N/A
N/A

>

X
N/A
Piped to Analyzer
Paramagnetic



Stream No.
Description
PFD Material Balance Point No.
Gas Chromatograph Point No.
Reported in:
EMRs (Compliance)
EMRs (Supplemental)
Technical Progress Reports
Test Series Report {one time)
Temperature
Pressure
Flow Rate
Composition
GC Analysis of Gases in
LPMEOH™ Plant (Vol %)

l

Hydrogen

Carbon Monoxide
Nitrogen

Carbon Dioxide
Methanol

Dimethy! Ether
Methane

Oxygen (Argon)
"Other" (by difference)

Coal Analysis (Wt %)

Hydrogen

Argon

Sulfur

Oxygen

Nitrogen

Moisture

Fixed Carbon

Ash

Chlorine

Heating Value (BTU/#}

Methanol Analysis (Wt %)

Acetic Acid
Water
Decane
Methanol
Acetone
Ethanol

PPM Total Organic Carbon
Analysis Frequency
Sampling Technique
Analytical Method

EMP-0896

3
Water Feed to Gasifier
N/A
N/A

P

Treated Water No Analysis

N/A
N/A
N/A

7-10

4

Waste Water from Gasifier
N/A
N/A

Fle ol

X
N/A
Grab
1C, IR, ICP, Potentiometer



Stream No.
Description

PFD Material Balance Point No.
Gas Chromatograph Point No.
Reported in:
EMRs (Compliance)
EMRs (Supplemental)
Technical Progress Reports
Test Series Report (one time)
Temperature
Pressure
Flow Rate
Composition
GC Analysis of Gases in
LPMEOH™ Plant (Vol %)

Hydrogen

Carbon Monoxide
Nitrogen

Carbon Dioxide
Methanol

Dimethy! Ether
Methane

Oxygen (Argon)
"Other" (by difference)

Raw Synthesis Analysis (Vol %)

Hydrogen

Carbon Monoxide
Carbon Dioxide
Hydrogen Sulfide
Oxygen (Argon)
Nitrogen

Nitrogen Oxide (NOXx)

Methanol Analysis (Wt %)

Acetic Acid
Water
Decane
Methanol
Acetone
Ethanol

% Sulfur

Analysis Frequency
Sampling Technique
Analytical Method

EMP-0896

5
Clean Synthesis Gas from
Gasification
N/A
N/A

o e

N/A
Grab
GC

7-11

6
Sulfur Recovered from
Gasification
N/A
N/A

b S

N/A
Grab



Stream No.
Description

PFD Material Balance Point No.
Gas Chromatograph Point No.
Reported in:
EMRs (Compliance)
EMRs (Supplemental)
Technical Progress Reports
Test Series Report (one time)
Temperature
Pressure
Flow Rate
Composition
GC Analysis of Gases in
LPMEOH™ Plant (Vol %)

Hydrogen

Carbon Monoxide
Nitrogen

Carbon Dioxide
Methanol

Dimethy] Ether
Methane

Oxygen (Argon)
"Other" (by difference)

Coal Analysis (Wt %)

Hydrogen

Argon

Sulfur

Oxygen

Nitrogen

Moisture

Fixed Carbon

Ash

Chiorine

Heating Value (BTU/#)

Methanol Analysis (Wt %)

Acetic Acid
Water
Decane
Methanol
Acetone
Ethanol

% COn

Analysis Frequency
Sampling Technique
Analytical Method

EMP-0896

5
Carbon Dioxide Produced
from Gasifier
N/A
N/A

L e

N/A
Grab
GC

7-12

8
Slag Generated from Gasifier

N/A
N/A

P i

Not Analyzed



Stream No. 9 10
Description Balanced (Synthesis} Gas CO Gas to LPMEOH Facility
from Existing Guard Bed
PFD Material Balance Point No. N/A 10
Gas Chromatograph Point No. N/A 2
Reported in:
EMRs (Compliance)
EMRs (Supplemental) X (Summary Data)
Technical Progress Reports X
Test Series Report (one time)
Temperature
Pressure
Flow Rate
Composition
GC Analysis of Gases in
LPMEOH™ Plant (Vol %)

Falie i Y

Mo

Hydrogen

Carbon Monoxide
Nitrogen

Carbon Dioxide
Methanol

Dimethyl Ether
Methane

Oxygen (Argon)
"Other” (by difference)

Raw Syngas (Vol %) X

Hydrogen

Carbon Monoxide
Carbon Dioxide
Hydrogen Sulfide
Oxygen (Argon)
Nitrogen

Nitrogen Oxides (NOx)

Methanol Analysis (Wt %)

Acetic Acid
Water
Decane
Methano!
Acetone
Ethanol

Analysis Frequency N/A Continuous
Sampling Technique . Grab Piped to GC
Analytical Method GC GC

EMP-0896
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Stream No. 19 20
Description Distillation Fuel Gas H2 Gas to LPMEOH Facility
PFD Material Balance Point No. - 20
Gas Chromatograph Point No. 8 3
Reported in:
EMRs (Compliance)
EMRSs (Supplemental) X (Summary Data)
Technical Progress Reports
Test Series Report (one time)
Temperature
Pressure
Flow Rate
Composition
GC Analysis of Gases in
LPMEQH™ Plant (Vol %)

I T
Lo -

w4

Hydrogen

Carbon Monoxide
Nitrogen

Carbon Dioxide
Methanol

Dimethyl Ether
Methane

Oxygen (Argon)
“Other” (by difference)

Coal Analysis (Wt %)

Hydrogen

Argon

Sulfar

Oxygen

Nitrogen

Moisture

Fixed Carbon

Ash

Chlorine

Heating Value (BTU/#)

Methanol Analysis (Wt %)

Acetic Acid
Water
Decane
Methanol
Acetone
Ethanol

Analysis Frequency Continuous Continuous
Sampling Technique Piped 10 GC Piped 1o GC
Analytical Method . GC GC

EMP-0896



Stream No.
Description

PFD Material Balance Point No.

Gas Chromatograph Point No.
Reported in:

EMRs (Compliance)
EMRs (Supplemental)

Technical Progress Reports
Test Series Report {one time)

Temperature

Pressure

Fiow Rate

Composition

GC Analysis of Gases in
LPMEOH™ Plant (Vol %)

Hydrogen

Carbon Monoxide
Nitrogen

Carbon Dioxide
Methano!

Dimethyl Ether
Methane

Oxygen (Argon)

"Other" (by difference)

Coal Analysis (Wt %)

Hydrogen

Argon

Sulfur

Oxygen

Nitrogen

Moisture

Fixed Carbon

Ash

Chlorine

Heating Value (BTUM)

Methanol Analysis (Wt %)

Acetic Acid
Water
Decane
Methanol
Acetone
Ethanol

Analysis Frequency
Sampling Technique
Analytical Method

EMP-0896

21
Methanol Storage Tank (D-20
and D-21) Vent {Intermittent
Flow)

Not Monitored (see section
5.1.1.2 of this report)

7-15

22
Methanol Drain Tank (D-25)
Vent (Intermittent Flow)

Not Monitored (see section
5.1.1.2 of this report)



Stream No.
Description

PFD Material Balance Point No.
Gas Chromatograph Point No.

Reported in:

EMRs (Compliance)
EMRs (Supplemental)

Technical Progress Reports
Test Series Report (one time)

Temperature

Pressure

Flow Rate

Composition

GC Analysis of Gases in

LPMEOH™ Plant (Vol %)

Hydrogen

Carbon Mcnoxide
Nitrogen

Carbon Dioxide
Methanol
Dimethyl Ether
Methane

Oxygen {Argon)

"Other" (by difference)

Coal Analysis (Wt %)

Hydrogen
Argon

Sulfur
Oxygen
Nitrogen
Maomsture
Fixed Carbon
Ash

Chlorine

Heating Value (BTU/#)

Methanol Analysis (Wt %)

Acetic Acid
Water
Decane
Methanol
Acetone
Ethanol

Analysis Frequency
Sampling Technique
Analytical Method

EMP-0896

23
Bypass (intermittent flow)

Not monitored; bypass is
mainly used during startup

7-16

24
Compressor (process side)
seal gas

Not monitored



Stream No.
Description

PFD Material Balance Point No.

Gas Chromatograph Point No.
Reported In:
EMRs (Compliance)
EMRs (Supplemental)

Technical Progress Reports
Test Series Report (one time)

Temperature

Pressure

Flow Rate

Composition

GC Analysis of Gases in
LPMEOH™ Plant (Vol %)

Hydrogen

Carbon Monoxide
Nitrogen

Carbon Dioxide
Methanol

Dimethyl Ether
Methane

Oxygen (Argon)
"Qther" (by difference)

Coal Analysis (Wt %)

Hydrogen

Argon

Sulfur

Oxygen

Nitrogen

Moisture

Fixed Carbon

Ash

Chlorine

Heating Value (BTU/#)

Methanol Analysis (Wt %)

Acetic Acid
Water
Decane
Methanol
Acetone
Ethanocl

Analysis Frequency
Sampling Technique
Analytical Method

EMP-0896

25
Guard Bed Regeneration
{intermittent flow)

-

Not monitored

26
Analytical Sample Vents

Not monitored



Stream No.
Description

PFD Material Balance Point No.
Gas Chromatograph Point No.
Reported in:
EMRs (Compliance)
EMRs (Supplemental)
Technical Progress Reports
Test Series Report (one time)
Temperature
Pressure
Flow Rate
Composition
GC Analysis of Gases in
LPMEOH™ Plant (Vol %)

Hydrogen

Carbon Monoxide
Nitrogen

Carbon Dioxide
Methanol

Dimethyl Ether
Methane

Oxygen (Argon)
"Other” (by difference)

Coal Analysis (Wt %)

Hydrogen

Argon

Sulfur

Oxygen

Nitrogen

Moisture

Fixed Carbon

Ash

Chlorine-

Heating Value (BTUM)

Methanol Analysis (Wt %)

Acetic Acid
Water
Decane
Methanol
Acetone
Ethanol

Analysis Frequency

Sampling Technique
Analytical Method

EMP-0896

27
Total flow to boilers

See Section 5.1.1.1 of this
report
Grab
GC

7-18

28
Wastewater and alcohols to
WWTS

Eastman will supply data
comparing flow, composition
and BOD loads before and
after the addition of
LPMECH. Information will

be reported annually during
the demonstration.

Annual

Grab
GC/IR/TC



Stream No.
Description

PFD Material Balance Point No.
Gas Chromatograph Point No.
Reported in:
EMRs (Compliance)
EMRs (Supplemental)
Technical Progress Reports
Test Series Report (one time)
Temperature
Pressure
Flow Rate

Composition
GC Analysis of Gases in
LPMEOH™ Plant (Vol %)

Hydrogen

Carbon Monoxide
Nitrogen

Carbon Dioxide
Methanol

Dimethyl Ether
Methane

Oxygen (Argon)
"Other” (by difference)

Coal Analysis (Wt %)

Hydrogen

Argon

Sulfur

Oxygen

Nitrogen

Maoisture

Fixed Carbon

Ash

Chlorine

Heating Value (BTU/#)

Methanol Analysis (Wt %)

Acetic Acid
Water
Decane
Methano!
Acetone
Ethanol

Analysis Frequency
Sampling Technique
Analytical Method

EMP-0896
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29
Reduction Gas (intermittent
flow)

X

X
X

- (approximated from inlet gas
flow)

X

Continuous
Piped to GC
GC



Stream No.
Description

PFD Material Balance Point No.
Gas Chromatograph Point No.

Reported in:
EMRs (Compliance)

EMRs (Supplemental)
Technical Progress Reports
Test Series Report {(one time)

Temperature
Pressure
Flow Rate
Composition

GC Analysis of Gases in

LPMEOH™ Plant (Vol %)

Hydrogen

Carbon Monoxide
Nitrogen

Carbon Dioxide
Methanol
Dimethyl Ether
Methane

Oxygen (Argon)

"Other" (by difference)

Coal Analysis (Wt %)

Hydrogen
Argon

Sulfur
Oxygen
Nitrogen
Moisture
Fixed Carbon
Ash

Chlorine

Heating Value (BTUM)

Methanol Analysis (Wt %)

Acetic Acid
Water
Decane
Methanol
Acetone
Ethanol

Analysis Frequency
Sampling Technique
Analytical Method

EMP-0896

30
Balanced Gas to LPMEOH
Facility
30
1

X (Summary Data)
X

D

Continuous
Piped to GC
GC

7-20

31
Spent Catalyst

X

X

X
Total weight of slurry and %
solids will be reported. See
section 6.3.6.1 of this report

Approx. Biweekly
Grab
Fiitration



Stream No.
Descripticn

PFD Material Balance Point No.
Gas Chromatograph Point No.
Reported in:

EMRs (Compliance)

EMRs (Supplemental)

Technical Progress Reports

Test Series Report (one time)

Temperature
Pressure
Flow Rate
Composition

GC Analysis of Gases in
LPMEOH™ Plant (Vol %)

Hydrogen

Carbon Monoxide
Nitrogen

Carbon Dioxide
Methanol

Dimethyl Ether
Methane

Oxygen (Argon)
"Other" (by difference)

Coal Analysis (Wt %)

Hydrogen

Argon

Sulfur

Oxygen

Nitrogen

Moisture

Fixed Carbon

Ash

Chlorine

Heating Value (BTU4)

Methanol Analysis (Wt %)

Acetic Acid
Water
Decane
Methanol
Acetone
Ethanol

Analysis Frequency
Sampling Technique
Analytical Method

EMP-0856

32
Guard Bed Adsorbent to
Incinerator

X
X
X

" Weight of Adsorbent removal

will be reported. See section
6.3.6.2 of this report

At Bed Change
N/A
N/A

7-21

33
Compressor & Pump Lubri-
cants to Energy Recovery

X

X
X
X
Weight/Volume of materials
will be reported. See section
6.3.5.1 of this report

As Reguired
N/A
N/A



Stream No.
Description

PFD Material Balance Point No.
Gas Chromatograph Point No.
Reported in:
EMRs (Compliance)
EMRs (Supplemental)
Technical Progress Reports
Test Series Report (one time)
Temperature
Pressure
Flow Rate
Composition

GC Analysis of Gases in
LPMEOH™ Plant (Vol %)

Hydrogen

Carbon Monoxide
Nitrogen

Carbon Dioxide
Methanol

Dimethyl Ether
Methane

Oxygen (Argon)
"Other" (by difference)

Coal Analysis (Wt %)

Hydrogen

Argon

Sulfur

Oxygen

Nitrogen

Moisture

Fixed Carbon

Ash

Chlorine

Heating Value (BTU/M#)

Methanol Analysis (Wt %)

Acetic Acid
Water
Decane
Methanol
Acetone
Ethanol

ppm VOC

Analysis Frequency
Sampling Technique
Analytical Method

EMP-0896

34
Equipment leak (fugitive
emissions)

X

N/A
N/A
X
See section 5.2.1.1 of this
report

X
Quarterly
EPA Method 21
Ion Flame Detection

7-22

35
Miscellaneous Vent to the
Atmosphere

Not Monitored
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Stream No. 36 37
Description Vents through 29C-120 vent Waste Oil
scrubber

PFD Material Balance Point No. - -
Gas Chromatograph Point No. - -
Reported in: Not monitored

EMRs (Compliance)

EMRs (Supplemental) X

Technical Progress Reports

Test Series Report (one time)

Temperature X
Pressure X
Flow Rate X
Composition Waste 01l will be removed

from the oilfwater separator
and volume will be reported.
See section 6.3.5.1 of this
report
GC Analysis of Gases in
LPMEOH™ Plant (Vol %)
Hydrogen
Carbon Monoxide
Nitrogen
Carbon Dioxide
Methanol
Dimethy! Eiher
Methane
Oxygen (Argon)
L "Other" (by difference)
Coal Analysis (Wt %)
Hydrogen
Argon
Sulfur
Oxygen
Nitrogen
Moisture
Fixed Carbon
Ash
Chlorine
Heating Value (BTU/M#)
Analysis Frequency As required
Sampling Technique N/A
Analytical Method N/A

EMP-0896



Stream No.
Description

PFD Material Balance Point No.
Gas Chromatograph Point No.
Reported in:
EMRs (Compliance)
EMRs (Supplemental)
Technical Progress Reports
Test Series Report (one time)
Temperature
Pressure
Flow Rate
Composition
GC Analysis of Gases in
LPMEOH™ Plant (Vol %)

Hydrogen

Carbon Monoxide
Nitrogen

Carbon Dioxide
Methanol

Dimethyl Ether
Methane

Oxygen (Argon)
"Other"” (by difference)

Coal Analysis (Wt %)

Hydrogen

Argon

Sulfur

Oxygen

Nitrogen

Moisture

Fixed Carbon

Ash

Chlorine

Heating Value (BTU/#)

Methanol Analysis (Wt %)

Acetic Acid
Water
Decane
Methanol
Acetone
Ethanol

Analysis Frequency
Sampling Technique -
Analytical Method

EMP-0896

109
Reactor Feed Gas

109
5

oo XM

Continuous
Piped 10 GC
GC

7-24

120
Reactor Section Effluent Gas
(syngas/methanol)
120
6

MM R M

Continuous
Piped to GC
GC



Stream No. 148
Description Main (Plant) Purge
PFD Material Balance Point No. 148
Gas Chromatograph Point No, 7
Reported in:
EMRs (Compliance)
EMRs (Supplemental) X (Summary Data)
Technical Progress Reports X
Test Series Report (one time)
Temperature
Pressure
Flow Rate
Composition
GC Analysis of Gases in
LPMEOH™ Plant (Vol %)

oo

Hydrogen

Carbon Monoxide
Nitrogen

Carbon Dioxide
Methanol

Dimethyl Ether
Methane

Oxygen (Argon)
"Qther"” (by difference)

Coal Analysis (Wt %)

Hydrogen

Argon

Sulfur

Oxygen

Nitrogen

Moisture

Fixed Carbon

Ash

Chlorine

Heating Value (BTU/#)

Methanol Analysis (Wt %)

Acetic Acid
Water
Decane
Methanol
Acetone
Ethanol

Analysis Frequency Continuous
Sampling Technique Piped to GC
Analytical Method - GC

EMP-0B%6

149
Recycle Gas
149
7

R R

Continuous
Piped to GC
GC

7-25



Stream No.
Description
PFD Material Balance Point No.
Gas Chromatograph Point No.
Reported in:
EMRs (Compliance)
EMRs (Supplemental)
Technical Progress Reports
Test Series Report (one time)
Temperature
Pressure
Flow Rate
Composition
GC Analysis of Gases in
LPMEOH™ Plant (Vol %)

Hydrogen

Carbon Monoxide
Nitrogen

Carbon Dioxide
Methanol

Dimethyl Ether

Methane

Oxygen (Argon)

"Other” (by difference)

Coal Analysis (Wt %)

Hydrogen

Argon

Sulfur

Oxygen

Nitrogen

Moisture

Fixed Carbon

Ash

Chlorine

Heating Value (BTUM)

Methanol Analysis (Wt %)

Acetic Acid
Water
Decane
Methanol
Acetone
Ethanol

Analysis Frequency
Sampling Technique
Analytical Method

EMP-0896

204

Methanol to Distillation
204
N/A

bl S

Weekly
Grab
GC/R/TC

7-26

216

Refined (Grade) Methanol
216
N/A

X (Summary Data)
X

bl

Daily
Grab
GC/R/TC



Stream No.
Description

PFD Material Balance Point No.
Gas Chromatograph Point No.

Reported in:
EMRs (Compliance)

EMRs (Supplemental)
Technical Progress Reports
Test Series Report (one time)

Temperature

Pressure

Flow Rate

Composition

GC Analysis of Gases in

LPMEOH™ Plant (Vol %)

Hydrogen

Carbon Monoxide
Nitrogen

Carbon Dioxide
Methanol
Dimethyl Ether
Methane

Oxygen (Argon)

"Other” (by difference)

Coal Analysis (Wt %)

Hydrogen
Argon

Sulfur
Oxygen
Nitrogen
Moisture
Fixed Carbon
Ash

Chlorine

Heating Value (BTU/M#)

Methanol Analysis (Wt %)

Acetic Acid
Water
Decane
Methanol
Acetone
Ethanol

Analysis Frequency
Sampling Technique -
Analytical Method

EMP-0896

242
Crude (Grade) Methanol to
Lurgi (Methanol) Unit
242
N/A

X (Summary Data)
X

P s

Weekly
Grab
GC/AR/TC

727
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TABLE 7-2
REPORTING REQUIREMENTS
CHECK LIST
REPORT DEFINED IN FREQUENCY

. Topical Reports - DTP As required - 60 days after
Reports on specific classes of completion of ]ast run in class.
operation (e.g., Texaco-type syngas
operation; load following and
turndown operation; etc.)

Special (Topical) Report - EMP One time - during the first year
Provides information on Eastman of operation.

Gasification and Gas Clean-up

systems.

. Technical Progress Reports - DTP Quarterly during operating
Provide information on plant years - 60 days after end of
operations on a quarterly basis. quarter.

. Environmental Monitoring Reports - EMP Quarterly during the operating
Provide Compliance and a years. The 4th quarter report
supplemental monitoring information will also include an annual
on a quarterly basis. summary - 60 days after end of

quarter.

. Special (Topical) Report - EMP One time - by December 1996
Provide Data collected in two
programs to characterize the Eastman
Feed gases (includes analysis of
HAPS)

EMP-0896
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PROCESS FLOW DIAGRAMS
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\"l

| Table 1.1.1 _ ]
‘Work Breakdown Summary
Phase | Task 1 1.1 Project Definition
Task 2 1.2 Permitting
Task 3 1.3 Design Engineering
Task 4 1.3 Off-site Testing (Definition and Design)
Task 5 1.5 Planning, Administration and DME
Verification Testing
Phase I Task 1 2.1 Procurement
Task 2 2.2 Construction
Task 3 2.3 Training and Commissioning
Task 4 2.4 Ofi-site Testing (Procurement and
Construction)
Task 5 2.5 Planning and Administration
Phase Il Task 1 3.1 Startup
Task 2 3.2 LPMEOH™ Process Demonstration Facility
Operation
Task 2.1 3.2.1 Methanol Operation
Task 2.2 3.2.2 | DME Design, Modification and Operation
Task 2.3 3.2.2 | LPMEOH™ Process Demonstration Facility
Dismantiement
Task 3 3.3 On-site Testing (Product Use Demonstration)
Task 4 3.4 Off-site Testing (Fuei Use Demonstration)
Task 5 3.5 Data Collection and Monitoring
. Tasks | 386 | Planning and Administration

1-527-L

24 June 1984
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APPEMYIX &

AIR PERMIT APPLICATION



State of Tennesgsee Procegs ZImissgion Source

—Department of Envircnment and Consexrvatien S Number B-4S86-1
__bivision of Air Pollution Control : Page 1 of 1°:
' Date nZr N % 1084
APC-20
PERMIT APPLICATION
- PLTASET TYPE OR PRINT AND SUBMIT IN DUPLICATE FOR EACH EMISSION SOURCE, ATTACH APPROPRIATE
 SOURCE DESCRIPTION FORMS.
1. Organization’'s Legal Name Zastman Chemical Company I/ APC Companv-Point
Fer No.
. 2. Hailing Address (St/Rd/P.C. Box) ;éé APC Log/Permit No.
P. O. Box 19%3
__ Cicy State Zip Code Phone With Area Coce
Kingsport T 37662 (615)229=-2000
3. Principal Techrical Contact J. H. Albrecht Phone With Area Code
(615)22%~5877
4. Site Address (St/Rd/Hwy) County Name
South Ffastman Road Sullivan
— City of Distance te Nearest Town Zip Cede Phone With Area Code
Kingsport 37662 ({6151229-2000
" 5. Emissicn Source No. B-486-1 Permit Renewal SIC No. 2869
Yes { 3} No (X
... &. @8rief Description of Zmigsion Source
‘ Production of Methanel and Dimethyl Ether
7. Type of Permit Recuest (Complete One Line Only)
Construction Starting Date Completion Date
- {X) 3/1/85 12/31/96
Operating Date Date Completed Lasc Emission Source
= Canstruction Permit Reference Number
— Started No.
{ ) gy _Source Ney Soypres
Location Transfer Transfer Date Last Emissicn Source
i Permit Reference Number
No.
()
Address of Lagt Locagion
— 8. Describe Chances That Have Been Made to This Ecuipment or Creration Since the Last
construction or Operating Permit Application.
New Source.
. 9. Signature (Application Must Be Signed Before It Will Be Processed)
‘0. Signer‘s e (Type or Print} ‘Title

B. M. Mitchell

Authorized Signatory




“state of Tennessee P?rocess Imission Scure

~Department of Esvircnment and Conservation I Number 3-486-1
- Division of Air Pellution Ccntrol C Page 2 o g
Page 1 of 3 ) Date Dey O 7 s

APC-21 & 24
PROCESS OR FUZL BURNING SOURCE DESCRIPTION .
1. oOrganization Name Eastman Chemical Company /// | APC Company=-Fcint Nc.
- - .. i :
2. Emission Scurce No. B-486-1 acc | APC Log/Permiz Mo.
3. Descripticn of Process or Fuel Burning Unit
i Production of Methanol and Dimethyl Ether
- 4. Normal Operation: Hours/Day Davs/Week Weeks/Year Cays/Year I Hours/Years
24 7 52 363 ' 8760
5. Type of Permit Application l {Check Bels~ One Onlv)
= Process Scuzce: Apply for & separate permit Icr each soucce, i
- (check at right, and ccmzlete lines 6, 7 and 8) X
Process Scurce with in-prcocess fuel: Products of combusticn
—~ contact materials heated. Apply for a
Separate permit far each source. (Check a
right, and ccmplete line 6, 7, 8, 10 to 14)
—_ Non-Process Fuel Burning Source: Prcducts of cocmbustion do not .
contact materials heated. <Ccmplete this form for each boiler
or fuel burmer and ccmzlete and emisgsicn point description form
(APC=22) for each stack. (Check at right and complete lines §
to 14)
6. Type of Oreration ' Hormal Batch Normal Batcshes/Day
Continuous (X} Batch ( ) Time
7. Procesa Material Inputs Diagram Input Rates (Pounds/Hour) {For APC Use Qnlwv)
and In-Process S5olid Fuels Reference- - SCC Code
Design Actual
1. 5Synthesis Gas I 1 35,500 35,500
2. Sodivm Hvdroxide | 2} 1 I 1
3. Carbon Monoxide l 2 4,600 4,600
4. Hvdrogen Purge | 3 5,500 5.500
S. 0il | 5 6,200 l 6,200
6. Catalvst ! 4 1,600 ° ‘ 1.6800
7. | |
: - - TotalsTe [ | 84,000
- « A Flow Diagram Must te Attached -
= *=Total Rounded tc 2 Significant Figures
8. Total Emissions for
- This PES Average | Maximum |Other Average Maximum
{Tons/Year): {Specify)
Particulates| (.10 0.10 COg 1.38 I 1.38
S0, 0 0 H2 0.30 | 0.30
NO, 0 0 I
<o 2.60 2.60 I
voc{  4.5%6 4.56 f




abc-21 & 24 - Process Emissieon Souzrcs

_Page 2 of 3 el Numzer B-48&-1
- rage 3 of 13
Date ~CC oA % 1848
=

J. Sciler or Burner Data. {Complece Lines 9 to 14 using a separcate - -form fcr eac:k hoiler.)

Boiler Stack Type of Fizing++ " Rated EBoiler Rated Inpus fuel Type
- Number Number -~ Horsepower Canac;:v

(lO s_gj——) Primacy Sscondary

* Not Applicable

Boliler Serial No. Date Constructed Last Modification Date

- =v  Boilers with same stack will have same stack number.
tres Cyclone spreader (with cor without reinjection), pulverized (we:t or drov botTem, wiih ¢
without reinject=ion), other stoker (specify type), hand fi-ed, automaiic, ar czh v
(degcribe below in comments.)

B
o
H
rt

-10. Tuel Data. (Complete for a process source with in~process fuel cr a nenprocess fuel
turning source.) Not Applicable
Fuels Used Annual Eourly Usage Fercent Percent Bru Value l (For APC
’ Usage Sulfur Ash of Tuel Only)
Design | Average - l S§CC Ccde
. & -
Natural Gas: 10° curt CUFT CUFT 11 1 1,000 l
12 Fuel Qil: 103 cal GAL GAL 1 |
‘L P !
5 Fuel Oil: 107 AL GAL GaL /e ]
2% fuel Oil: 10° ga eaL gat 111 i
Coal: ToNS Lss 88 %
. Vood: Tous LBS LBS 117 1/ l
]
Liquid Propane 107 GAL gaL cat 17 17 85,000 |
" Other: (Specify l
Type & Units) |

11. If Wood is Used as a Fuel, Specify Types and Estimate Percent by Weight of Back. ﬁgglicab

12. If Wood is Used With Other Fuels, Specify Percent by Weight cf Wood Charged to the
Burner. Not Applicable

13. Comments:

14. 1If a Standby or Inte::unt;ble Fuel is Used, Give Type of Fuel, Annual Cuantizy Used,
and the Schedule ¢or Program for Use ¥ot Applicable

Sulfur Cantent of Standby Fuel % If Coal, Show Ash Content ;)

Btu Value




Process Zaission Sourld:

APc-21 & 24 Number_ B-486-1
--Page 3 of 3 . . ] Page A ot 13
. T Date nIl (7 1334

—Tlow Diagram
_or Item 7 cof APC-I1 (& 24)

)
A
ToB325 /" g !
TA LB L ; |
To B-325 Boiler Boller — .t E ; |
A ! < ? ¢ |
l | % Reiief i
i
I I System |
| Reactor i ca . :
e 5 . Handlin M
- 2 ——"9',' yst ; N g PR nm
i Treatment
3 — ]
To B-325 Bailer
A \
| &
p_—
A
| : I
| |
Distiliation 1
T > To Storage
|
) Equipment Leaks

(VOC/particutates)



PROCESS EMISSION SCURCE
NUMBER B-486-1

_STATE OF TENNESSEE .'PAGE 5 OF 15
_DEPARTMENT OF ENVIRONMENT AND CONSERVATION DATE 0EC 0 2 1694
MIVISION OF AXIR PFOLLUTION CONTROL ' TANK ID NUMBER 29D-30
VENT ID NUMBER 2
— APC - 27 PROCESS TANK
- STORAGE TANK DESCRIPTION STORAGE TANK
—— 1. ORGANIZATION NAME - EASTMAN CHEMICAL COMPANY !FOR!APC COMPANY~-POINT NO
i i
e e e et e it e o e e e e e e e e e e e e e e e I e ———— e e -
.. 2. PROCESS EMISSION SOURCE NO. 'ADC'APC SEQUENCE NO.
B-486-1 ! !
S —— 1 e e L T T ISR AR I | e e
3. TANK LATITUDE !TANK LONGITUDE !UTM VERTICAL 'UTM HORIZCNTAL
- 36 DEG 317 7" NI82 DEG 32 48" W 14042400 N 1361500 E
———————————————————————— - ———— ! --———-————"‘-‘-’-—-—-—! e i et St A, ke o
4. TANK ID NUMBER !VENT ID NUMBER !CONSTRUCTION DATE
— 29D-30 ‘a £3/1/95
- a— ——— m——) i s e | o o e i o e e e et e e
" 5. DIAMETER (FT) !HEIGHT (FT) ICAPACITY (GAL) !
- 9.0 ! 22.1 ! 10500. ’
—. — S | st o e e e
- 6. CYLINDER (VERT) !CYLINDER (HORZ) ! SPHERE !OTHER (DESCRIBE)
X 1 1 1
- ———————— - [ ———————— [JE— —_—
— 7. TANK ! WHITE ! ALUMINUM ! GRAY {OTHER (DESCRIBE)
- COLOR f=- --! f== ———-1
. ! ! SPECULAR ! DIFFUSE'LIGHT‘HEDIUM‘DARK'
A. ROOF: ! X ! ! ! ! ! !
! == ! ! f= ! e
B. SHELL: ! ! ! ! ! X ! !
- _—— ! | e e
~-8. PAINT CONDITION ! GOOD ! POOR - INO PAINT
! X ! !
K e ad T It et e e
_9. TANK!FIXED ROQF !F LOATING ROOF !OPEN TOP !UNDERGROUND!OTHER (DESCRIBE)
TYPE! X ! ! ! !
- | | J— - — —m——— e ——————
~.0. INSULATED ! TEMPERATURE ! PRESSURE
’ NONE ! 77. DEGREES F ! 14. PSIA
| - | Ry S e ——— -
1. FOR FLOATING ROOF TANKS COMPLETE: NOT APPLICABLE
A. ROOF TYPE ! DOUBLE DECK ! PONTCON ! PAN {OTHER (DESCRIBE)
l . 1 ! |
K - — e : D ——m -
B. SEAL TYPE ! SINGLE ! DOUBLE !OTHER (DESCRIBEE)
o ! !
Ti—— -_——— [ e e —————— |t ——— e ————————
C. SHELL ! RIVETED ! WELDED IOTHER (DESCRIBE)
CONSTRUCTION! ! !
1

- -1 ————— - —————
!

.2. LIST ALL LIQUIDS, VAPORS, GASES, OR MIXTURES TO BE STORED IN THIS TANK.
GIVE THE PERCENT BY WEIGHT OF EACH COMPONENT. SEE APC = 27 SHEET 3.
3. OUTAGE: AVERAGE DISTANCE FROM TOP ! AVG. THROUGHPUT ! MAXIMUM NO. OF TANK
- OF TANK TO LIQUID SURFACE (FEET) ! (GALLONS / DAY) ! TURNOVERS PER YEAR
11.0 ! - 99. ! 3.




- : . PROCESS EMISSION SOURCE
— NUMBER B-486-1

~-.STATE OF TENNESSEE . PAGE 6 OF 15
DEPARTMENT OF ENVIRONMENT AND CONSERVATION DATE pDEC 0 2 1994
_ DIVISION OF AIR POLLUTION CONTROL TANK ID NUMBER 29D-20

VENT ID NUMBER A
APC - 27
STORAGE TANK DESCRIPTION

i e . . e i e . . S A |y | T —p—— . P

14. LOADING TYPE: !BOTTOM !SUBMERGED! VAPOR BALANCED!OTHER (DESCRIBE)
—- ! ! X t 1
— —————— e e e | e e e | | e e e

15. OPERATING HOURS/YEAR 8760. OPERATING DAYS/YEAR 365.
16. SPECIAL VAPOR CONTROL DEVICES:

- CONSERVATION VENT

.17. OPERATIONAL DATA:
“CONTINUOUS FILLING AND DISCHARGING
AVERAGE DATILY LEVEL FLUCTUATICN N/A
- AVERAGE DATLY VOLUME FLUCTUATION N/2a
BATCH FILLING
AVERAGE NUMBER OF GALLONS PER FILLING 6000.
AVERAGE NUMBER OF FILLS PER YEAR 6.
+8. INERT GAS OR NITROGEN FLOW:
GAS FLOW 0.08300 SCFM
SATURATION OF GAS 100.0 %
~-19. TOTAL VOC EMISSIONS: Negligible TONS/YEAR
20. TOTAL PARTICULATE EMISSIONS: © 0.00 TONS/YEAR

21. EMISSICNS ESTIMATION METHOD AP - 42



PROCESS EMISSION SOURCE
~ NUMBER B-486-1
STATE OF TENNESSEE . PAGE 7 OF 15

T DEPARTMENT OF ENVIRONMENT AND CONSERVATION paTE DEC 0 21934
-NIVISION OF AIR POLLUTION CONTROL TANK ID NUMBER 22D-30

VENT ID -NUMBER A
— APC - 27
STORAGE TANK DESCRIPTION

“12. (CONTINUED)

VAPOR
— BRESSURE
WEIGHT MOL. (PSIA) AT
~ZOMPONENT PERCENT WEIGHT 77. DEG F

e . —— o —— i S S ! S ————— T . T —— " —— ] —

dnite Mineral 0il 100.0 450.0 0.0000



. PROCESS EMISSION SOURCE
- NUMBER B-486-1

STATE QF TENNESSEE . PAGE 8 OF 15
TTDEPARTMENT OF ENVIRONMENT AND CONSERVATION "DATE DEC 0 2 100
_ NIVISION OF AIR POLLUTION CONTROL TANK ID NUMBER 2SD-31
: VENT ID ‘NUMBER B
_ APC - 27 PRGCESS TANK
STORAGE TANK DESCRIPTION STORAGE T2aNK
h; 1. ORGANIZATION NAME - EASTMAN CHEMICAL COMPANY I FOR!APC COMPANY~POINT NC
] t
o ——— ———— e i o e b S i - A . S B S fpr W —— T T A b i o r 1 o e v v e e e v S — o =
T 2. PRocwss EMISSION SOURCE NO. 1APC!'APC SEQUENCE NO
o B-486-1 ! !
_____________________ I S — I e S o —— ks i o l ——— s e e e e o e . . . v . e e
— 3. TANK LATITUDE ! TANK LONGITUDE IUTM VERTICAL 'UTM HORIZONTAL
36 DEG 31 7" N!82 DEG 32’ 48" W 14042400 N 1361500 E
———————— e —— e ————————— R R 8 P
4. TANK ID NUMBER !VENT ID NUMBER I CONSTRUCTION DATE
29D-31 !B ! 3/1/95
- - e e DR L
' 5. DIAMETER (FT) !HEIGHT (FT) ICAPACITY (GAL) !
— 4.0 ! 11.6 ! 1000. !
------- | T — fp— —————-
6. CYLINDER (VERT) !CYLINDER (HORZ) ! SPHERE !OTHER (DESCRIBE)
_ X ! ! !
------- e e e
7. TANK { WHITE ! ATLUMINUM ! GRAY |OTHER (DESCRIBE)
. COLOR lommmm—— Lo ————— e !
1 !SPECULAR ! DIFFUSE!LIGHT!MEDIUM!DARK!
-  A. ROOF: ! X t ! ! ! ! !
e | e } e | - . oo | e e e
—- B. SHELL: ! ! ! ! t X ! !
J— ——————————a | ———— -1- i —_—— - -
8. PAINT CONDITION ! GOOD ! POOR INO PAINT
- ! x ! !
T ——l—— - ! —————— R
- 9. TANK!FIXED ROOF !FLOATING ROOF IOPEN TOP !UNDERGROUND!CTHER (DESCRIBE)
‘ TYPE! X ! ! t !
- —— | e . - e ——————
-~10. INSULATED 1 TEMPERATURE ! PRESSURE
NONE 1122. DECREES F ! 15. PSIA

11. FOR FLOATING ROOF TANKS COHPLETE: NOT APPLICABLE

A. ROOF TYPE ! DOUBLE DECK ! PONTOON ! PaAN 'OTHER (DESCRIBE)
! ! ! !
e e st e e ! - =1—= b= 1= - -
B. SEAL TYPE ! SINGLE ! DOUBLE !0THER (DESCRIBE)
- 1 . ! 1
— -l ——————— 1 ] e
C. SHELL ! RIVETED ! WELDED !OTHER (DESCRIBE)}
— CONSTRUCTION! 1 !
- - 1= e e ———————-

""12. LIST ALL LIQUIDS, VAPORS, GASES, OR MIXTURES TO BE STORED IN THIS TaNK.
GIVE THE PERCENT BY WEIGHT OF EACH COMPONENT. SEE APC - 27 SHEET 3.
---13. OUTAGE: AVERAGE DISTANCE FROM TOP ! AVG. THROUGHPUT ! HAXIMUH NO. OF TAN:
OF TANK TO LIQUID SURFACE (FEET) ! (GALLONS / DAY) ! TURNQVERS PER YEAR
5.8 ! 51. ! 15.




PROCESS EMISSION SOURCE
NUMBER B-486-1

STATE OF TENNESSEE PAGE 2 OF 15
DEPARTMENT OF ENVIRONMENT AND CONSERVATION DATE DEC 0 2 1994
~TVISION OF AIR POLLUTION CONTROL TANK ID NUMBER 29D-31

VENT ID NUMBER B
APC - 27
STORAGE TANK DESCRIPTION

-t e e o e s et e e | e ————— ] e — | e e vt | e e v et e e s ————

14. LOADING TYPE: ! BOTTOM ! SUBMERGED ! VAPOR BALANCED!QTHER (DESCRIBE)
!X ! ! !
_____________________ st st | mmmr e | ———_——— e

15. OPERATING HOURS/YEAR 8760. OPERATING DAYS/YEAR 365.
16. SPECIAL VAPCR CONTROL-DEVICES:

CONSERVATION VENT

17. OPERATIONAL DATAZ:
CONTINUOUS FILLING AND DISCHARGING
AVERAGE DAILY LEVEL FLUCTUATION N/A
AVERAGE DAILY VOLUME FLUCTUATION N/A
BATCH FILLING
AVERAGE NUMBER OF GALLONS PER FILLING 500.
AVERAGE NUMBER OF FILLS PER YEAR 37.
i8. INERT GAS OR NITROGEN FLOW:
GAS FLOW 0.08300 SCFM
SATURATION OF GAS 100.0 %
19. TOTAL VOC EMISSIONS: Negligible TCNS/YEAR
20. TOTAL PARTICULATE EMISSIONS: 0.00 TONS/YEAR

21. EMISSTIONS ESTIMATION METHOD AP - 42



PROCESS EMISSION SOURCE
. NUMBER B-486-1
~<STATE OF TENNESSEE 'PAGE 10 OF 15

__DEPARTMENT OF ENVIRONMENT AND CONSERVATION DATE DEC 0 2 1994
NIVISION OF ATR POLLUTION CONTROL TANK ID NUMBER 25D-31

_ VENT ID .NUMBER B

APC ~ 27
- STORAGE TANK DESCRIPTION

—=12. (CONTINUED)

c— VAPOR
PRESSURE
_ WEIGHT MOL. (PSIA) AT
_COMPONENT PERCENT WEIGHT 122. DEC F

e A i S S . . L T T T T S s . T S . gy e Sl e S T e T g, T T g ol . T g, o T — T — o — —————

White Mineral 0il 100.0 450.0 0.0000

b



PRCCESS EMISSION SOURCE
NUMBER B-486-1

—~STATE OF TENNESSEE . PAGE 11 OF 15
DEPARTMENT OF ENVIRONMENT AND CONSERVATION DATE DEC ¢ 2 oz
~NIVISION OF AIR POLLUTION CONTROL TANK ID NUMBER 29C-36
VENT ID 'NUMBER C
APC - 27 PROCESS TANK
STORAGE TANK DESCRIPTION STORAGE TANK
— 1. ORGANIZATION NAME - EASTMAN CHEMICAL COMPANY !FTOR!APC COMPANY-POINT NC
| |
e e ot T i Y S o it . e A T T Y ——— T — T T T T T {——— T — l | o e e e e i e o e s ——— e ————
2 PROCESS EMISSION SOURCE NO. [APC!APC SEQUENCE NO
B-486-1 ! !
--------------------- e e -
3. TANK LATITUDE !TANK LONGITUDE 'UTM VERTICAL !UTM HORIZONTAL
36 DEG 31 7" N!82 DEG 32’ 48" W 14042400 N 1361500 E
________________________________________ T T T
— 4. TANK ID NUMBER !VENT ID NUMBER !CONSTRUCTION DATE
29C-36 c ! 3/1/95
--------------------- D e e e e -
..5. DIAMETER (FT) 'HEIGHT (FT) YCAPACITY (GAL) !
2.0 1 4.7 ! 110. !
1 ——— e e e e e ettt T Lo
6. CYLINDER (VERT) !CYLINDER (HCRZ) ! SPHERE TOTHER (DESCRIBE)
) X t ! !
‘ e e e == ! - - e -
7. TANK ! WHITE ! ALUMINUM ' GRAY TOTHER (DESCRIBE)
— COLCR e e - e R !
! !SPECULAR ! DIFFUSE!LIGHT!MEDIUM!DARK!
A. ROOF: ! X ! . ! ! ! ! !
- ! ! ! -l ———— 1 i ! —-—— —-——
~ B. SHELL: ! ! ! ! !X ! '
— 1 —l———— - e
8. PAINT CONDITION ! GOCD ! POOR INO PAINT
) 1 x | 1
- st e R S [ - ——
9. TANK!FIXED ROOF !FLOATING ROCF !OPEN TOP IUNDERGROUND'OTHER { DESCRIBE)
- TYPE! X ! ! !
- - i - -1 - —1 --------------------
.0. INSULATED ! TEMPERATURE ! PRESSURE
NONE ‘ 1122. DEGREES F 1 15. PSIA
..1 —— _1 _____ ! - — -
1. FOR FLOATING ROOF TANKS COHPLETE NOT APPLICABLE
- A. ROOF TYPE ! DOUBLE DECK ! PONTOON ! PAN !OTHER (DESCRIBE)
1 ] ! 1
- : ! = ! ——t—— It e e
- B. SEAL TYPE ! SINGLE ! DOUBLE 10THER (DESCRIBE)
1 PR . I I
——— —-— Yo~ Lo e D
C. SHELL ! RIVETED ! WELDED 'OTHER (DESCRIBE)
CONSTRUCTION! ! !
. —— e e i e et e e e e | —— e —————————————
2. LIST ALL LIQUIDS, VAPORS, GASES, OR MIXTURES TCO BE STORED IN THIS TANK.
- GIVE THE PERCENT BY WEIGHT OF EACH COMPONENT. SEE APC - 27 SHEET 3.
3. OUTAGE AVERAGE DISTANCE FROM TOP AVG. THROUGHPUT ! MAXIMUM NO. OF TANK

t {
OF TANK TO LIQUID SURFACE (FEET) !' {GALLONS / DAY) ! TURNOVERS PER YEAR
2.3 ! 50. ! 166.



o . PROCESS EMISSION SOURCE
NUFBER B-486-1

..S5TATE OF TENNESSEE PAGE 12 OF 15
___JEPARTMENT OF ENVIRONMENT AND CONSERVATION DATE €C A 7 j0c
TVISION OF AIR POLLUTION CONTROL TANK f% NUMBER 29C-36

VENT ID NUMBER C
= APC - 27
— STORAGE TANK DESCRIPTION

_____________________ S U S

__1l4a. LOADING TYPE: ! BCTTOM ! SUBMERGED ! VAPOR BALANCED!QTHER (DESCRIBE;
! ! bt ! LI
————————————————————— [t | e | e e
"7L5. OPERATING HOURS/YEAR 8760. OPERATING DAYS/YEAR 365.

—16. SPECIAL VAPOR CONTROL DEVICES:

CONSERVATION VENT

"L7. OPERATIONAL DATA:

— CONTINUQUS FILLING AND DISCHARGING
- AVERAGE DAILY LEVEL FLUCTUATION N/A
AVERAGE DAILY VOLUME FLUCTUATION N/3

BATCHE FILLING
_ AVERAGE NUMBER OF GALLONS PER FILLING 88.
. AVERAGE NUMBER QOF FILLS PER YEAR 208.

.8. INERT GAS OR NITROGEN FLOW:
GAS FLOW 0.08300 SCFM
- SATURATION OF GAS 100.0

o

9. TOTAL VOC EMISSIONS: Negligible TONS/YEAR
'0. TOTAL PARTICULATE EMISSIONS: 0.00 TONS/YEAR

1. EMISSIONS ESTIMATION METHOD AP - 42



PROCESS EMISSION SOURCE
NUMBER B~486-1

T STATE OF TENNESSEE PAGE 13 OF 15
- ~DEPARTMENT OF ENVIRONMENT AND CONSERVATION DATE peC 0 2 1994
DIVISION OF AIR POLLUTION CONTROL TANK ID NUMBER 29C-136

VENT ID .NUMBER C
APC - 27

STORAGE TANK DESCRIPTION

- 12. ({CONTINUED)

VAPOR
FRESSURE
o WEIGHT MQL. (PSIA) AT
-COMPONENT PERCENT WEIGHT 122. DEG F

- —

e o . " — T —— - T T ——— Yy T i o T e T o T T T W el M FAND e ki BB S ey == .\ S S e — T —

White Mineral 0il 100.0 450.0 0.0000



" State of Tennessee . Process EZmission Scucc

~~ Department of Enviccnment and Conservation - Number_B-+486-1
Division of Air Pollution Control R Page 4 of L5
) Date I
— APC-22 AR

EMISSION POINT DESCRIPTION

- 1 Organizaticn Name zrastman Chemical Company /// | APC Ceompanv-Paint Ne.
— Fer
2. Emission Scurce Nc. Flow Diagram Point No. iéé APC Seguence iz,
o B-486-1 D
3. Llocation: OLatitude 8cngi:ude CTH vertical JTH Horizontal
367 31" 7" N §2¥ 32" 48" W 4042500 XN 361500 E

4. Brief ZImissicn Point Description

Vent from scrubber

5. Hormal Operaticn: Eours/Days Days/Week Weeks/Year Davs/Year Hours/Year
24 7 52 365 B760
— &§. Stack or EImission |Eeight Above |Diameter |Temperature 2 of Time Direction of Zxi
o Point Data: Grade (FT) {FT) [*°F) Over 125°F (Up, Down,
Horizontal
60 0.3 100 0 " ' op
) Data at Exit Flow (Actual Velocity (Hoisture (Veolume %)
— Conditions: ?tslﬁin.) (Ft/Sec)
- 0.13 0.03 2
- Data at Standard |Flow (Dgy Velocity
- Conditicons: stad. Foo/Min.) | (Fr/Sec)

(70°T and
29.%2 in. Eg. 0-10 0.02

7. Air Contaminants

Emissions (Lbs/Hr) Concentration Emissions (TPY) Emigsions* Centrol® Centrol
- Average Maximam Average Max. Average Maximm Est., Device Eff. X
Method
Parficulates _ b i
= Sulfur Diexice - e ey
ditrogen Oxices - FPH PPM
Qrganic FPM PPN
Comporxis -
Carbon Honoxice PPM PPN
0.2 0.2 400,000 400,000 0.88 C.88 2 000 -
fluorices _ ’ 1
Other {Specify}

8. Check Types of HMonitoring:-and Recording Instruments That are Attached:
Opacity Monitor ( ). SOz Monitor ( }. No‘ Monitor ( ). Qther (Specifv in Conments) { )
None (X}

- 9. Comments: {(Cocntinue on Back if Needed)

- Refer to the back of the permit application form for estimation methed and control ceviis
codes.

** Exit gas particulate concentration units: process - grains/dry standard £3 (70°F); woec
fired boilers - grains/dry standard £e3 {70°F); all other rtoilers - lbs/millich B3Tu heat
input. :

- =e» Exit gas sulfur dioxide concentrations units: process - ppm by volume, dry bases; bolle:

lbs/million Btu heat input,



Stare cf Tennesses ) Process Imlssicn Sours

Deparsment of Envirsnment and Censervaticn L Numser B-:86-1
Divisicn cf Alr Pollution Contreol - Pace 15 o 13
- ‘ o Date NoC 0 7 isns
APC-22

EMISSION POQINT DESCRIPTION

— 1. Organitation Mame Zastman Chemical Company /]| APC Companv-?oin: HNc.
Ter
R U /17
_— 2. EImigsicn Sowrce No. Flow Dizgram Point Ne. apc | APC Seguence lo.
B-486~1 E
2. Locatien: o Latituce aong;:_ce UTH Vertical UTH Hori=zgntal
- 367 31' 7" N 827 32 48" W 4042500 N 361500 E
4. Erief Imissgjien Point Description
— Zquipment Leaks
£. Necrmal Operatiocn: Kours/bDays Davs/Week Weexs/Year Days/Year Heurs/Yeas
_ 24 7 52 365 8750
- 6. ©Stack or Emission |Height Above Diameter |Temperature % 0of Time irection aof Exi
rPoint Data: Grade (TT) (FT) {(*T) Qver 125°F (Up, Down,

Horizontal)

- Data at Exit Flow {Actual |Velocity |Moisture [Volume %)
Conditicons: Fl fHMin.) (FL/Sec)

- Data at Standazd Flow S Velocity
Caonditions: std. Fro/Min.) | (Fx/Sec)
{(70°F and

29.52 In. Hg.

7. Air Centaminanst

Emissions (Lbs/Hr) Concentration Emissions (TPT) Emisstons® | Control” Control
Aversge Maximmm Average Max, Average Maximum Est. Device Eff. »
B Hethod
Particulates hie b
-~ - - - = = 0.10 3 00¢ -
Sulfur Dioxide N i -
Nitrogen Qxides PPY PPM
organic PPX FoM
Coopourcs - - - - - 4,56 5 000 -
Carbon Momoxide PPX PPM
- - - - - 1.72 5 000 -
" TFluorices _
Other {(Specify)
Hydrogen - - _ - -~ - 0.30 5 000 -
8. Check Types cof Monitoring and Recording Instruments That are Attached:
- Opacity Moniter ( ). S0; Monitor ( ). NO_  Monitor {( }. Other (Specify in Commentsa) (X)
None { )
9. Comments: (Ccntinue on Back if Needed)

Leak detection and repair as required by Title III.

—- Refer to the back of the permit application form for estimaticn method and c¢ontrol device

codes.

'+ Exit gas particulate concentration units: rocess - grains/dry atandarc £e3 {70°F); woed
fired pollerg - grains/dry standard £e3 (70*F); all cther beoilers - lbksg/millicn Btu heat
inpus.

=er Exit gas sulfur cdioxide concentrations units: process - ppa by volume, dry bases; boilers
lbg/million Btu heat input.



Process _Imliss

Number B-438 -
Cate YR TEL
Page 13a ¢f 15
BACT/LASR Discusgsion
Flow Diagram Reference Point 4, B, C

Descrirtion of Reference Point

Conservation vents for Tanks 29D-30, 29n-21, and 29C-36.

Desczicticn of Emissions

Inert gas with a potential for a small quantity of VOC as a result of taznx £illing

operations, breathing losses, and inert gas purges on level devices.

Alternatives Considered

Alternatives cons:oered
Because low VOC emissions are produced due to the low vapor pressure of the stored
chemical, no emission abatement was considered for these sources.

Relative Cost of Alterpative Svstems

Not applicable.

Relative Tfficiencies ¢f Alternative Svstems
Not applicable.

Procegs Steos Which Inherentlv Reduce Fmission levels

None.

Reasons for Selection of the Svstem Chogern

The low vapor pressure of the stored chemical results in low VOC emissions withou:
the installation of emission control equipment. Emissions are negligible.



1

Process Emissicn Scu-

Number B-LB86-1

bate Ut v ¢ woem

Page 159 of 15

BACT/LAER Discussion

Flow Diagram Reference Point D

Descriprion of Reference Point

Vent from a water scrubber.

Description of Emissions

Emissions cousist of carboz monoxide.

Alternatives Censidered

Due to the low potential for emissions as a result of process constraints, no
alternatives were considered.

Relative Cost of Alternative Svstems

Not applicable.

Relative Ffficiencieg of Alternative Svstems

Not applicable.

Process Steps Which Inherently Reduce Emission Levels

None.

Reasons for Selection of the Svartem Chesen

Process comnstraints do not allow CO emissions to reach a significant level.



Process IZmissicn Scurs

Number 3-5456-1

Date TS Y-

Page 153 ~% 1%

BACT/LAZR Digcussion

Flow Diagram Reference Peolint [

Descriotion of Reference Poing

Fugitive emissions from valves, flanges, and open equipment. Leak detac:iicn and
repair will be employed per Title III.

Descrintion of Emissions
These emissicons consist of VOCs (including Methanol), CO, particulates, and other
(Ey and CO032).

Alternatives Considered
Because of the applicability of the HON, no other alternatives were considered,

Relative Cost of Alternative Svstems
Not zpplicable.

Relative Efficiencies cf Alternative Svstems
Not applicable.

Proceds Steps Which Inherently Reduce Emisgion lLevels
None.

Reasong for Selection of the Svstem Cheosen

Lezk detection and repair, as required by Title I1I, represent the best management
practices available.



Process Imissicn Scusss
Number [-4S5-1

Cate NEC A 2 iz,
Page 158 ~F 158
Imisgion Changes for New/Mocdified Scurces
- This -
Vent Tyze of Application | Application Net Change Net Clhance
B code Emissicn Hax._EE/H: Max. Lb/Er Hax. %Ejﬁ; gre. /¥r. Max. TVD
A VoC Not Applicable Negligible - R7AN fgﬂpo14o§i7a
B voC Not Apclicable Negligible I - 8760 Veglieinls
i C vOC Not Applicablia Negligible - 8760 I Vaplicinla
I D co Not Applicablé  0.20 +0.20 8740 | .n ac
| rusityves vOC Not Aoplicabie 4.56 TPY - 8760 Y
co Not Applicable 1.72 TPY - 8760 f «1.77
- TSP Not Applicable 0.10 TPY - 8760 _ +0 10
Qthers Not Applicable 1.68 TPY - l 8760 | +1 .68
max. max.
Total Emission Change: lbs. /hz. TPY
Voo - +4 .36
TSP - +0.10
SO2 - . . -
- NO, - - ) -
co - +2.580
Othex cLLL - +1.68

-* Previous Application Submittal Date
(New Source)



APPENDIX H

APPROVED AIR PERMIT

(BEST COPY AVAILABLE AT THIS TIME- WILL FROVIDE EETTER COPIES AT MEEmG 4/25/96 FSF)
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CATALYST POISONS STUDY
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_:Fﬁ;/orandum
Fr/

AIR

I;

L7 .
To:

. From;

= Date:

-

- Subject:

Distribution Dept/Loc.
C. M. Chen Dept./Ext.: PSE Pz:ocess Eng/1-3315
9 May 1995

Updated summary of Kingsport LPMEOH feed stream analysis results

Distribution:

Air Products:

D. M. Brown *

W.R. Brown *

. A. Chin-Fatt *

A Clark *

J. Clark *

P. Drown/F. S. Frenduto *
A. Gardner *

A, Lucrezi *

S. Schaub/V. E. Stein/B. L. Bhatt/M. S. Mazdai/S. P. DiMartino *
. A, Toseland/X-D Pepg *

SEICT-RRC]S

xy

astman Chemical:
. Baggett

. Golob

. Jones

. Phillips

. Pittman

J. K. Sanders

REEEE
Z2HOB?

* sent via MS Mail

The attached table is an updated summary of Kingsport gas feed stream
analytical results. Results of gas scrubbing followed by ICP-AES (10 January
1995 report) and gas chromatographic analysis (23 February 1995 analysis
report) have been incorporated into the table.

Please call me (610-481-3315) if you have any questions or comments.

Christopher M. Chen

FORM 1020 (REV, 643)
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conditions used for this analysis are listed in Table 3. The argon and oxygen content was obtained on the
same instrument using a calcium chabazite column to separate a.roon from oxygen. The chromatographic
conditions used for this analysis are Jisted in Table 4.

All three samples were screened for amines on a Hewlett-Packard 5890A gas chromatograph using a SPB-5
FSOT capillary column interfaced to a nitrogen-phosphorus detector (NPD). None of the samples contained
any detectable levels of amines. The lower limit of detection for amine compounds is approximately 0.5
mole ppm. The chromatographic conditions are listed in Table 5. The samples were also screened for
carbonyl sulfide (COS) on a Hewlett-Packard 5890 Series II gas chromatograph using a Chromeosil 330
packed teflon column interfaced to a flame photometric detector (FPD). None of the samples contained any
detectable levels of COS. The lower limit of detection for COS is approximately 4 mole ppm. The
chromatographic conditions are listed in Table 6.

The sample was also analyzed on 2 DB-WAX FSOT capi]lary column interfaced to a flame ionization
detector (FID) for determination of any additional organic compounds. Quantitation was obtained using an
external standardization procedure with a detector response factor determined for methanol. The
chromatographic conditions are listed in Table 7.

RESULTS AND DISCUSSION

The concentration values reported for each sample in Table 1 have been normalized to 100% accountability.
The total accountabilities for the "CO Feed” and "Syngas" samples were very close to 100% prior to
normalization. However, the total accountability for the "Purge Gas" sample had 2 total accountability
higher than 100%. This is mostly due to the high hydrogen content in the sample. The Eastman Syngas
standard used to quantitate the hydrogen content only had 50 mole % hydrogen. -

(.

ol - Hs =i
kg_ld \,1 l{pqz-



Table 1

Sample Composition (Mole %)

Components CO Feed Syn Gas Purge Gas
Hydrogen 1.76  (0.30) 68.06 (0.23) 73.07  (0.85)
Argon 0.16 (0.30) 0.06 (2.78) 0.94 (0.20)
Oxygen 0.08  (1.43) 0.40  (0.41) 7.14  (0.04)
Nitrogen 0.91 (0.9%) 0.40 (2.43) 7.80  (0.41)
Carbon Monoxide | 97.03 (0.17) 27.96  (0.93) 592  (0.21}
Carbon Dioxide N.D. (<0.001) 3.00 (0.94) 2.88  (0.32)
Methane 0.05 (0.99) 0.12 (2.76) 1.28 (0.05)
Ethane N.D. (< 0.00005) 0.0006 (3.44) 0.03 {0.18)
Ethylene N.D. {<0.00005) | N.D. (<0.00005) | N.D. (<0.00005)
Acetylene N.D. (<0.00005) | N.D. (<0.00005) | N.D. (<0.00005)
Propane N.D. (<0.00005) | N.D. {(<D.00005) | 0.01 (1.05)
Propylene N.D. (<0.00005) { N.D. (<0.00005) | N.D. (<0.00005)
Iso-butane N.D. (<0.00005) { N.D. (<0.00005) 0.0006 (0.10)
n-Butame N.D. (<0.00005) | N.D. (<0.00005) 0.004 (0.48)
Iso-pentane N.D. (<0.00005) | N.D. (<0.00005) 0.0003 (0.77)
n-Pentane N.D. (<0.00005) | N.D. (<0.00005) 0.0009 (0.37)
Hexanes N.D. (<0.00005) } N.D. (<0.00005) 0.0002 (1.38)
Amines N.D. {<0.00005) | N.D. (<0.00005) { N.D. {<0.00005)
COS N.D. (<0:0064) | N.D. ¢£0:60004) | N.D. (=820004)

(<2.0095) (£0.00005) (£ D.0000 £
Acetonitrile N.D. (<0.05) N.D. (<0.05) N.D. (<0.05)
Methanol N.D. (<0.05) N.D. (<0.05) 0.3¢ (0.38)

Note: The data above is presented in the format X(S) where X is the average of two determinations and S is
the relative percent standard deviation of the analysis.
N.D. = Not Detected.
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Table 2
Gas Chromatographic Conditions

Instrument: Hewlett-Packard 5890 Series II Refinery Gas Analyzer

Columns:
Analysis of Inerts - Chrompack 25 meter x 0.53 mm ID Molsieve 5A PLOT fused
silica capillary column; Chrompack 27.5 meter x 0.53 mm ID PoraPLOT Q PLOT
fused silica capillary column.
Analysis of Hydrocarbons - Chrompack 50 meter x 0.53 mm ID AL203/KCL PLOT
fused silica capillary column.
Oven Temperature Program:
Initial Temperature 40 °C
Initial Time 6 min
Program Rate 12 OC/min
Final Temperature 180 ©C
Final Time 18 min

Carrier Gas: Helium

Flow Rate (Molsieve/PoraPLOT Q) 7.5 ml/min
Column Headpressure 22 psig
Flow Rate (AL203/KCL) 6 ml/min
Column Headpressure 8 psig
Splitter Flow Rate - 40 ml/min

Detector Type: Thermal Conductivity/Flame lonization

Detector Temperature 200 0C /200 °C
TCD Reference Flow 22.5 ml/min
FID Hydrogen 30 mU/min

FID Air 360 ml/min
Valve / Injector Temperature 120 ©C

Injection Volume: 25 microliters at atmospheric pressure
Injection Mode: Valco gas sampling valves
Data System: Hewlett-Packard 3396 integrator (Stored HP Methods RGAO1 and RGAQ2)

Quantitation Method: External Standard (Calib. Std. # 2, 3, 4 and 8; Scotty Std. # 100 and 101)



Table 3

Gas Chromatographic Conditions '

Instrument: Hewlett-Packard S890A Gas Chromatogarph

Columns: Activated Charcoal 80/100 mesh packed nickel column, 10’ x 1/8"

Oven Temperature Program:
Initial Temperature 40
Initial Time 4
Program Rate 10
Final Temperature 120
Final Time 1

Carrier Gas: Nitrogen

Flow Rate 30
Column Headpressure 22

Detector Type: TCD

Detector Temperature 200
Amplifier/Range Setting 0
Reference 20

Injector Temperature: 0 °C

Injection Volume: [ cc @ | atm.
Injection Mode: Valco gas sampling valve
Data System: HP-3396 Integrator

Quantitation Method: External Standard

Calibration Standard: Calib. Std. # 16, Eastman Syn Gas Standard

Sample Preparation: None

oC

°C/min
oC

ml/min
psig

mi/min



Table 4

Gas Chromatographic Conditions

Instrument: Hewlett-Packard 58%0A Gas Chromatogarph

Columns; Calcium Chabazite 80/100 mesh packed SS column, 6' x 1/8"

Oven Temperature Program:
Initial Temperature 40
Initial Time 5
Program Rate 15
Final Temperature 210
Final Time 1

Carrier Gas: Helium

Flow Rate 22

Column Headpressure 25
Detector Type: TCD
| Detector Temperature : 200
Amplifier/Range Setting 0
Reference 33

Injector Temperature: Room Temperature
Injection Volume: 5¢cc @ 1 atm.
Injection Mode: Valco gas sampling valve
Data System: HP-3396 Integrator
Quantitation Method: External Standard
Calibration Standard: Calib. Std. #2, 3

Sample Preparation: None

oC

min
OC/min
oC

ml/min
psig

oC

ml/min



Table 5
Gas Chromatographic Conditions

Instrument: Hewlett-Packard 5890A Gas Chromatograph

Columns: SPB-5 FSOT capillary column, 30 meter x 0.32 mm 1.D., 1.0 micron film. Col. # 224

Oven Temperature Program:
Imtial Temperature 45 oC
Initial Time 5 min
Program Rate 8 OC/min
Final Temperature 220 oC
Final Time 10 min

Carrier Gas: Helium

Flow Rate 2.1 ml/min
Column Headpressure 9.5 psig
Splitter Flow Rate 20 ml/min

Detector Type: NPD

Detector Temperature 280 oC
Amplifier/Range Setting = 0

Hydrogen 35 ml/min
Air 110 ml/min
NPD Make-up 28 ml/min

Injector Temperature: 150 °C
Injection Volume: 0.5cc @ 1 atm.
Injection Mode: Manual injection
Data System: HP-3396 Integrator
Quantitation Methed:

Calibration Standard:

Sample Preparation: None



Table 6
Gas Chromatographic Conditions
Instrument: Hewlett-Packard 5890 Series I Gas Chromatograph

Columns: Chromosil 330 packed teflon column, 8' x 1/8"

Oven Temperature Program:
Initial Temperature 45
Initial Time 2
Program Rate 10
Final Temperature 70

Final Time 2
Carrier Gas: Helium

Flow Rate 10
Column Headpressure 15

Detector Type: FPD

Detector Temperature 150
Amplifier/Range Setting 0
Hydrogen 100
Air 110
FPD Make-up 24

Injector Temperature: 80 °C

Injection Volume: 2.5¢c @ 1 atm.
Injection Mode: Valco gas sampling valve
Data System: HP-3396 Integrator
Quantitation Method:

Calibration Standard:

Sample Preparation: None

oC

OC/min
oC

ml/min
psig

°C

ml/min
ml/min
ml/min
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Table 7
Gas Chromatographic Conditions
Instrument: Hewlett-Packard 5890 Series II Gas Chromatograph

Columns: DB-Wax FSOT capillary column, 30 meter x 0.25 mm I.D., 0.5 micron film. Col. # 92

Oven Temperature Program:
Initial Temperature 40 oC
Initial Time 10 min
Program Rate 8 OC/min
Final Temperature 160 oC
Final Time 2 min
Cartier Gas: Helium
Flow Rate 1.8 ml/min
Column Headpressure 9.1 psig
Splitter Flow Rate 20 ml/min
Detector Type: FID
Detector Temperature 270 oC
Amplifier/Range Setting 2
Hydrogen | 30 ml/min
Ailr 310 ml/min

FID Make-up 28 m¥/min
~ Injector Temperature: 150 ©C ‘

Injection Volume: [ cc @ 1 amm.

Injection Mode: Valco gas sampling valve

Data System: PE Nelson 2700 Turbochrome

Quantitation Method: External Standard

Calibration Standard: 11664-10-3 (3.43 mole % methanol in Argon)

Sample Preparation: None



PURGE GAS
RGA Aunalysis - 'TCD

rvage 1 of

01:32 PM

High Point : 3.5

Sample Name : PURGE GAS Sample {f: 2
FileName A:\N21A006 . RAW Date : 1/6/95 10:24 AM
Method default Time of Injection: 11/21/94
Start Time 1.71 min End Time 23.61 min Low Point 0.47 v
Scale Factor: 0.0 Plot Offset: 0 mvV g8 Plot 8cale: 3.1 mV
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PURGE GAS
RGA Analysis - I'l1D

..w.w._ﬁ_—uu.m Name : PURGL GAS Sample #: 2 Page 1 of
FileNane : A:\N21B006, RAW pate : 1/6/95 10:27 AM

Method : default Time of Injection: 11/21/94 03:32 M

Start Time : 3.58 min End Time : 31,00 min Low Point : 0.38 mV High Point : 4.8
Scale Factor: .0 Plot Offget: 0 mv Plot Scale: 4.5 aV
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RECEIVED AR 1.

Analysis Report S PRODUCTS £=°
_ JUN -1 1994 -

Tor Elizabeth S. Schaub oo enginezrifgP/Loc.:  PSG Proc Eng / A12A3

From: Parrick J. Clark Dept/Ext: CRSD-ATC/ 6504

Date: 31 May 1994 A Lab Name:

Separations And Mass Spectrometry
Subject: Gas Chromatographic Analysis of Process Gas Streams from Eastman Chemical (Kingsport, TN)
Sample No.:  See Below

c: CS File No. 1432, LB File, SAMS Circ.,, A. 1. Di Gioia,’ C. M.‘Chen 3

S ﬁ/‘ W oy ek No aomabrs Cbun-u-: ar ""JLVB
SUMMARY: ‘A paknairile

. oS :20'6.-»- amalyen, E3r '-":./4r Sﬂ = tha ‘-‘Ué\
Three samples of feed gas to the proposed Liquid Phase Methanol facility at the Eastman Chemical complex at
Kingsport, TN were znalyzed for composition by gas chromatography. The samples were designated as follows:
"CO Feed to AC20 Plant” described as a pure CO stream from a HY CO coid box, "Inlet Feed to MeOH Plant”
described as the main syngas supply from the Lurgi plant feed, and "Purge Gas from MeOH Plant” described as the
purge gas from the Lurgi methanol plant. The mole percent compositions of these process streams are tabulated in
Table 1. The expected compositions, provided by Eastman Chemical, are also included in Table 1.

fowe, D208 PP

Al ./ the samples contained hydrogen, oxygen/argon, nitrogen, carbon monoxide and methane. The sample
identfied as "Inlet Feed to MeOH Plant™ also contained carbon dioxide, ethane and methanol. The sample identified
as "Purge Gas from MeOH Plant" also contained carbon dioxide, ethane, ethylene, propane, propylene, iso-butane, n-

butane, iso-pentane, n-pentane and n-hexane as well as methanol. The samples did not contain any detectabie
hydrocarbons heavier than C6.

Although two of the samples contained methanol, no other oxygenated organic compounds or amine compounds
were detected in any of the samples. The estimated lower limit of detection for these types of compounds is
approximately 0.5 mole ppm.

PROBLEM DEFINITION:

Air Products will be constructing a 250 ton per day Liquid Phase Methanol facility at the Eastman Chemical complex .
in Kingsport (TN). Currently, a Texaco gasifier is used to convert coal into syngas which is used to produce a variety
of chemicals, including methanol (using conveational Lurgi fixed bed technology), acetic acid and acetic anhydride.
The LPMEOH plant will have three different sources of feed gas as described above. It is essential to know the

compositon of these feed streams, especially the presence of any components which may cause deactivation of the
caralyst

Request No.: 022225

Charge No-: 00-3-821551.10.11 Analyst: PIC
Notebook No. 10975-99

¥ xdNo.:

Phe..e Date: 31 May 1994

Sample Receipt Date: 01 March 1994 Doc. Name: s\reportsil400\432scha doc



ANATYTICAL PROCEDURES:

A Hewlett-Packard 5890 Series I Refinery Gas Analyzer (RGA) was used for the quantitative analysis of
oxygen/argon, nitrogen, carbon monoxide, carbon dioxide and the C1 to C6 hydrocarbons. An external
standardization procedure was used for quantitation. The standards and samnples were introduced into the gas
chromarograph at atmospheric pressure using a gas sampling manifold interfaced to a vacuum system and a ballast

cylinder system. The chromatographic conditions used for this analysis are listed in Table 2. Representauvc
chromatograms arc shown in Figures 1 and 2.

The quantita:’rvc analysis for hydrogen was performed on a Hewlett-Packard S890A gas chromatograph using

nitrogen carrier gas. An external standardization procedure was used for quantitation. The chromatographc
condirons used for this analysis are listed in Table 3.

The sample was also analyzed on a DB-WAX FSOT capillary column interfaced to a flame ionization detector for
determination of any additional organic compounds. Quantitation was obtained using an external standardization
procedure with a detector response factor determined for methanol. The chromatographic condigons are listed in
Table 4. The chromatogram shown in Figure 3 illustrates the elution order and retention times for a number of

potenual components of interest. A rcprcscmanvc chromatogram of the "Purge Gas from the MeOH Plant” is shown
in Figure 4.

RESULTS AND DISCUSSION:

Tk oncentration values reported for each sample in Table 1 have been normalized to 100% accountability. The
totas accountabilities for the samples ideatified as "Inlet Feed to MeOH Plant” and "Purge Gas from MeOH Plant”
were very close to 100% prior to normalizaton. However, the total acooumability for the sample identified as "CQO
Feed to AC20 Plant" was quite.low due to residual helium being present in the sample cylmdcr The sample

(o:\ﬁiung] During sampling, Eastman pressurized the cylinder with the ptoc&cs st:eam, vented the cylmdcr to
ammospheric pressure and then refilled with the process sweam. Apparently the process pressure for the latter sample
was inadequate to completely purge all residual helium from the sample cylinder.



hydrogen

oxygenfargon
nirogen
carbon monoxide

carbon dioxide

methane

* ethane
ethylene
propane

. propylene
iso-butane
n-butane
iso-ﬁenm
n-pentane
n-hexane

&-‘u.ia[.-.u_

methanol

Table 1

Sample Composition (mole percent)

Retention CO Feed to Inlet Feed to
Time {min,) AC20 Plant MeOH Plant
1.8 (0.02) 68.36 (0.014)
{2%] [673%]
1.76 035 (0.001) 0.14 (0.0009)
10.08 0.83 (0.004) 0.35 (0.0018)
[1%] [05%}
16.02 97.0 (0.08) 2656 (0.025)
(97%] (277 %]
395  ND.(<0.0010) 450 (0.029)
[40%]
4.45 0.044 (000D 0.062 (0.0004)
5.34 N.D. (< 0.00005) 0.00035 (0.00004)
6.58 N.D. (< 0.00005) N.D. (< 0.00005)
934 N.D. (< 0.00005) N.D. (< 0.00005)
13.47 N.D. (< 0.00005) N.D. (< 0.00005)
15.64 N.D. (< 0.00005) N.D. (< 0.00005)
16.31 N.D. (< 0.00005) N.D. (< 0.00005)
21.90 N.D. (< 0.00005) N.D. (< 0.00005)
2243 N.D. (< 0.00005) N.D. (< 0.00005)
28.1 N.D. (< 0.00005) N.D. (< 0.00005)
N.D. u.D.
N.D. (< 0.00005) 0.032 (0.004)

Purge Gas from
MeOH Plant

8226 (045
[74%]

136 (0.001)
3.63 (0.008) . B

[12%] g
/"] ~

7.94 (0.041)
[11%)

396 (0.015)
[3%)

0.73 (0.004)
0.0082 (0.0001)
0.00008 (0.00001)
0.0034 (0.00005)
< 0.0001

0.00014

0.0011 (0.00004)
0.00012 (0.00001)
0.00034

0.00014 (0.00001)

M (phow Gmsssin)

.10 (0.005)

NOTE: The results above are reported in the format X (S ) where X is the average of two determinations

and S is the standard deviation of the analysis.

The cxpecxed compositions for the primary componeats, as provided by Eastman Chemical, are included

in brackets [ ] below each reported concentration.



Table 2

Gas Coromatographic Conditions for Instrument: Hewlett-Packard 5890 Series IT Refinery Gas Anaiyzer

Columans:

Analysis of Inerts - Chrompack 25 meter x 0.53 mm ID Molsieve 5A PLOT fused silica capiliary column; Chrompack 27.5 meter
% 0.53 mm ID PoraPLOT Q PLOT fused silica capitlary column.

Analysis of Hydrocarbons - Chrompack 50 meter x 0.32 mm D AL203/KCL PLOT fused silica capillary column.

Oven Temperature Program:
Initial Temperature 40 ©C Final Temperature 180 ©°C
Inital Time 6 min Final Time 165 min

Program Rate 8 OC/min - Total Analysis Time 40.0 min
Carrier Gas: Helium '

Flow Rate (Molsieve/PoraPLOT Q) 5.5 ml/min Flow Rate (AL203/KCL) 13 ml/min
Column Headpressure 16 psig Column Headpressire 12 psig
Splitter Flow Rate : _ 30 ml/min

Detector Type: Thermal Conductivity/Flame Ionization

Detector Temperahmre 200 °C/200°C
TCD Reference Flow 15.7 mL/min
FID Hydrogen 30 mL/min
FID Air 360 mi/min
" Valve / Injectar Temperatyre 120 °C
Injection Mode \ Volume: Valco gas sampling valves / 1 mL at aimospheric pressure

Data System: Hewlett-Packard 3396 integrator (Stared HP Method RGA)
PE-Nelson Turbochrom Data Systemn (Swred Methads RGA_TCD and RGA_FID)

Calibration Standards: External Standardiration
Saxndard No.2 - 0.1970 mole % oxygen/argon, (.1080 mole % nitrogen, 0.1031 mole % ¢arbon monoxide,
0.0963 mole % methane
Standard No. § - 743 mole % carbon monoxide, 25.7 mole % methane
Standard No. 33 - 3‘70mok%hydmgen.DﬁOmnic%oxygen.D.’:Omoh%mmm.O.SOmole%wbonmmmde.Ojomlc%cubundm:ﬂe,

46.0 molc % methane, 10.0 mole % ethane, 1.0 mole %  ethylene, 2.0 mole % propane, 0.15 mole % propylene, 0.7 moie %
isobuane, 0.7 mole % n-butane, 0.5 mole % isopentane

Scotty Stndard No. 100 - 16.3 moie ppm methane, 15.3 mole ppm ethane, 16.7 mole ppm ethylene, 21.2 mole ppm pmpane.
12.3 mole ppen propylene, 16.6 mole ppm n-butane



Table 3

Gas Chromatographic Conditions
(hydrogen)

Instrument: Hewlet-Packard 5390A Gas Chromatograph
Columns: 10 ft x 1/8-inch CD nickel column packed with §0/80 mesh Activated Charcoal

. Oven Temperature Program:

Inital Temperamre 40 ©C
Inital Time . 4 min
Program Rate 10 OC/min
Final Temperature 120 °C
Final Time 1 min
Total Analysis Time 130 min

Carrier Gas: Nitogen

Flow Rate 22 mL/min
Column Headpressure 22 psig

Detecior Type: Thermal Conductivity
Detector Temperature 260 °C
TCD Reference Flow 33 mL/min
Valve / Injector Temperature ] ambient
Injection Volume: 1 mL at atmospheric pressure
Injection Mode: Valco gas sampling valve
Data System: Hewlett-Packard 3396 integrator / PE-Nelson Turbochrom Date System
Quantitation Method: External Standardization
Calibration Standard: Standard No. 16 - 5.01 mole % hydrogén

Standard No. 17 - 39.5 mole % hydrogen
Standard No. 18 - 60.0 moie % hydrogen



Table 4

Gas Chromatographic Conditions for Instr ‘ment: Hewlett-Packard 5850A

Column: J&W Scientific DB-WAX FSOT capillary, 30 m x 0.32 mm ID, 0.5 micron film thickness
' Column No. 196
Oven Temperature Program
Initial Temperature 40 °C
Inital Time 10 min
Program Rate 8 °C/min
Final Temperature 160 °C
Final Time 5 min
Total Time 30.0 min
Carrier Gas Helium
Flow Rate | 1.8 mL/min
Carrier Gas Velocity 273 cmjsec
Column Headpressure 9.2 psig
Splitter Fiow Rate 20 mL/min
Injector Temperature 150 °C

jection Mode / Volume gas-tight syringe / 1.0 cc at atmospheric pressure

Detector Type Flame Ionizaion
Detector Temperamre 200deg C
Amplifier / Range Setting 0
Hydrogen ) 30 mL/min
Air : 300 mL/min
FID Make-up 28 ml/min

Quantitation Method External Standardization
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Figure 2 PURGE GAS FROM MEOH PLANT
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To E S. Schaub /mmpaocass ENGINEERING Dept/Loc.. PSG Eng / Al2ZA3
From: S. A Gardner SAC” Dept/Ext: CRSD /4637
Date: 2 May 19%4 Lab Name:  Spectroscopy
Subject: Infrared Analysis of Gas Cylinders from Eastman Chemical

Sample No.:  Inlet Feed to MeOH Plant; CQ Feed to AC20 Plant; Purge Gas from MeOH Plant

c: P. J. Clark; E. J. Karwacki; F. A. Lucrezi; D. R. Latshaw/IR Lab

SUMMARY:

Three cylinders of gas sampled at Eastman Chemical's Kingsport, TN facility were submitted for infrared analysis to
determine their composition. The Iniet Feed to MeOH Plant sample contained percent levels of CO and CO2, as well
as a significant amount of CH4. A small amount of C2Hg was also present. The CO Feed to AC20 Plant sample
contained percent levels of CO and a significant amount of CH4. The Purge Gas from MeOH Plant sample was found
to contain percent levels of CO and CO2, as well as a significant amount of CH4. The spectra were specifically
er~mined for the presence of HCN, SO,, HCI, NO, NO7, N3O and NHy4. No indications for the presence of these
cu_pounds were observed. Ammonia is a very strong absorber in the infrared. Its lower detection kmit (LDL) was
estimated to be in the ppb range. The LDLs for the remaining compounds were estimated to be 1 ppm. However, CO
and CHy present in the samples would interfere with SO9, HCl and N2O bands, thus sigmificantly raising the LDLs
for these compounds in the samples. Capies of spectra are attached for your reference.

ANALYTICAL PROCEDURES:

A portion of each sample was drawn into an evacuated 9.3 meter pathlength gas cell in a Nicolet 8220 FT-IR gas
analyzer. The Inlet Feed to MeOH Plant and Purge Gas from MeOH Plant samples were aiso anaivzed in a one inch

pathiength cell to bring the CO, CO? and CH4 bands onto scale. All spectra were obtained by co-adding 150 scans at
2.0 cror! resolution and were referenced against a background of the evacuated cells.

Request No.: 022225

Charge No.: 00-3-8215.51.10.11
Notebook No.: 14094-10

Method No.: none

¥ ne Date: 5/2/94

i aple Receipt Date: 4128194

Spectra No: 17253-17262; 17264; 17266~

17270
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From: P.A Clark U SNEIRNGDegt/Ext:  CRSD/R3IIL 4870

Date: 8 March 1994 Lab Name: Surface Science

Sﬁbject TOF-SIMS of Methanol Catalyst Materials

Sample No.  X20602-130-A (fresh), X20602-130-B (spent 1989), X20602-130-C (spent 1993)

: ﬂ .M. Cha,
cc: P.J.Clark, F. A Lucrez, s=F—Gkreng

SUMMARY:

Time-of-Flight Secondary Ion Mass Spectrometry has been used to characterize the surface
composition of three samples of a liquid phase methanol catalyst. This catalyst is currently being
evaluated by Tennessee Eastman. We have examined the fresh catalyst, a sample of spent catalyst
from 1989, and a sample of spent catalyst from 1993. The TOF-SIMS analyses were conducted to

confirm the presence of impurity species previously observed in XPS analyses (conducted by
Tennessee Eastman's analytical group).

+ROBLEM D N:
. Analysis of surface impurities present on a spent liquid phase methanol catalyst.
o] Cos o e Sk -
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Request No.: 021469  Lab File Name: Clark, P. A
Charge No.: 00-3-8215.51.10.11 Analyst: PAC
Notebook No.: 13927-46 Data Analyzed: 2/24/94
Method No.: NONE Data Captured: 2/94

ione Date: 2/24/94 Data Reported: 2/25/94
Sample Receipt Date: Doc. Name: ~ 21469.doc

Spectra No: CE&A Tape 2-94 (2)



ANALYTICAL PROCEDURES:

T. TOF-SIMS experiments were conducted by F. Radicati di Brozolo of Charles Evans and
Associates, Redwood City, CA. The analyses were conducted on a Charles Evans & Associates TFS

TOF-SIMS unit. The TOF-SIMS experiment is explained in Attachment 1.
RESULTS AND DISCUSSION:

Table 1 provides a summary of the elements detected by TOF-SIMS. In addition, the chemical form
of the species is also included in Table 1. The TOF-SIMS analysis detected As, S, N, Fe, Cl, Na, Cr,

K, and Ca.
Table 1
Elements Detected in TOF-SIMS Analysis
Element | Fresh Catalyst, Spent Catalyst (89) | Spent Catalyst (93) | ___ Species Detected
As YES | YES YES |_AsO+, AsO-, AsO2-, AsO3-
3 YES | YES YES |_S02-, S03-, S04, HS04-
N YES " YES YES I CN- NOS., C3HEN+
Fe ND YES YES ! Fe+
Ni ND I yes (trace 7) ND i
Ba ND | ND ND !
a__ | vYes YES YES : cr-
Co | ND ! ND ND :
Na YES YES YES Na+
ierskes 51 Se ND ! ND ND
Cr YES . ND ND Cer
B ND__ ! _ND ND
Be ND__ ¢ ND —_ND
K ND__ | YES YES ,
Ag ND | ND ND i
T ND ND WD —
Ca YES YES YES z Ca+

ND, Not Detected

The relative distributions of certain species are summarized in Table 2.

While TOF-SIMS is not quantitative, we can make relative comparisons among the samples (i.e.,
normalize the positive ion signal intensities to Al+ and the negative ion signal intensities to 83Cu-).
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We can use relative comparisens to ascertain if a particular spemes is increasing in intensity
(relative to the fresh catalyst) dun:ng activation.

Distributions of Fe+, Ni+, Ca+, K+, and Na+ Normalized in Al+
and Distributions of CN-, NOg-, SO3-, and AsOg- Normalized to Cu-

Table 2

For Fresh Catalyst Spent Catalyst From 1989, and
Spent Catalyst From 1993

E‘

>
Ny

°"“<"
i

o

— il
| Fresh Catalyst: Spent (89) | Spent (93) f (M‘
Fe/A ND 1 ¢ 0433 (T e S -
NUAl ND @.mg . ND ’" 5
Ca/Al | 0.0088 | 063 0.016 ‘ ,
5 { KA ND ¢ 0.10 0.011 N
Sé& ([ Nall 022 0.71 029 r'>, .
CrA 0.16 —ND ND_ & s ik
C3HEN * ND_ ND " 0.0054) o o :
! & ’
breskey - CN/Cu 82 | 77 33 9"“ (.;r( i J L
NG3/Cu 35 0.91 0.13 Xv\ \M Y
SO3/Cu 17 : 72 10 » Q’b -
AsO2/Cy 012 &) C 88 > P N R
CiCu 14 ; 723 ) 15 B
( {_,r" v 4
* Other amine type species summarized in Table 3. &N
M Not Detected W\
YJﬁ
Table 3
Amine Species Detected On Surface of 1993 Spent Catalyst
Nominal Mass  Secondarvlon  Measured Mass Deviation (namu)
30m/z CH4N+ 30.030 4
38 CoN+ 38.013 11
56 CgHgN+ 56.052 3
58 CgHgN+ 58.063 2
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Iron. nickel, and potassium were not detected on the fresh catalyst, but did appeaxr after the catalyst
w. activated The level of Fe contamination is higher on the 1989 spent catalyst sample than on
the 1993 sample. Nickel also appears as a contaminant on the 1989 spent catalyst, but does not

appear on the 1993 sample. Potassium is detected in higher amounts on the spent catalyst for 1989
than the 1993 sample.

The levels of Na+, SO3-, and Cl- contamination were highest on the spent catalyst from 1989. The
Na+, S03-, and Cl- levels in the 1993 spent catalyst were nearly equivalent to the levels present on
the fresh catalyst. Based upon these observations, the catalyst does not pick up additional amounts
of Na+, SOg-, and Cl- from the gas steam during activation.

The :evels of Cr+, CN-, and NOg- appear to decrease after activation. Only the level of As increases

after activation. Moreover, there appears to be more As contamination on the 1993 spent catalyst
than on the 1989 catalyst sample.

A series of amine type species are present on the surface of the 1993 spent catalyst (see Figures 1 - 4,
attached). We observe CH4N+ at 30.030m/z, CoN+ at 38.013m/z, C3HgN+ at 56.052m/z, and

C3HgN+ at 58.063m/z. The corresponding secondary ion structures and mamu deviations are
summarized in Table 3.

Higher mass species appearing at 103m/z, 105m/z, 107m/z, and 119m/z in the positive ion SIMS
spectra are most likely organic type species: CgH++,C7H30+ (102.96m/z), CgHg+, C7Hz0+ /

(. -95m/z), CgHj+, C7H70+ (106.95m/z), and CgH 11+, C7H130+ (118.99m/z and 57mamu
deviation).

- All the poéitive and negative ion TOF-SIMS spectra are attached (Figures 4 - 14).

Please feel free to contact me if you require additional information.

$2.0 ool

Paula A. Cornelio Clark
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COUNTS PER CHANNEL COUNTS PER CHANNEL

COUNTS PER CHANNEL

CHARLES EVANS & ASSOCIATES

101 Chesaptaxe Draive
Redwood City, Ca #4063 USA - .
Phone: (415)+369-4567; FAX: 363-732:
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FILEZ NAME: FEB1OP2 DATE : 10 Fab %4 14:25 ACQUISITION TIME: 15.0 MIN. TOTAL INTEGRAL : 1211703
APCI/CLARX; SAMPLE X20602-130-A; FIRST FELLETY: SPOT 3
+ TONS PRIMARY GON: LMIG TINE RICORDER: 1-Stop TDC X-Y SCURCE: Raster TIME PIR CHANNIL: 31127
DAZA SET: 1 Spectra: 5 Image(s) RASTER SIZE: s20um RASTEIR TYPE: Pull NI ‘
FILE NAME: FES1SPS DATE : 15 Pab 94 12:55 ACQUISITION TINE: 15.0 MIN. TOTAL INTEGLAL : 376308
APCI/CLARK; SAMPLE X-20602-130-R; PELLZT 3 :
+ I0KMS PRIMARY GON: LMIG TINE RECOADER: 1-Step TDC X-Y SOURCE: Raster TDE PER CHANNEL: 1253
DAIA SET: 1 Spectra; 6 Image(s) RASTER SIZE: s20um RASTER TYPE: Pull NI
FILE NAME: PEB1SPLO DATE : 15 Ped 4 14:40 ACQUISITION TIME: 1S.0 MIN. TOTAL DNTESRAL : 2275672
APCT/CLARX: SAOIPLE I-20602-130-C; PELLET 2
+ IONS PRIMARY QON: LMIG TINZ RECORDERR: 1-Stop TDC X-Y SOURCE: Xaster TDME PIR CHANNTL: 1259
DATA SET: 1 Spectra: 6 Imagel(s) RASTER SIZE: #20um RASTER TYPE: Pull WI
PIGURE
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COUNTS PER CHANNEL

CHARLES EVANS & ASSOCIATES

301 Chesapeake Drive
Redwood City, CA 94063 USA
Phoze: (415)-369-4567; FAX: 369-7921
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FILE NAME: FEB1CP2 DATE : 10 Feb 34 14:2% ACQUISITION TIME: 15.0 MIN. TOTAL INTEGRAL : 1211701
APCI/CZARK; SAMPLE X20602-130-A;: TIRST PELLETT; SPOT 1
-« IONS PRIMARY GON: LMIG TIME RECORDER: 1-Stop TDC X-Y SCURCE: Raster TG PER CHARNEL: 312~
BATA SET: 1 SpectTa; S Imagel(s) RASTER SIZE: t20sm RASTER TYPE: Pull NI
FILE NAME: FIB15PS DATE : 15 Feb 34 12:5% ACQUISITION TIME: 15.0 MIN. TULAL INTESRAL : 376308
APCI/CIORK: SAMPLE X-20602-130-3: PELLET )
+ IONS PRIMARY GUM: LMIG TIME RECORDER: 1-Stop TDC X-Y SOURCE: Raster TINE PER CHAMNEL: 1250
DATA SET: 1 Spectra: & Image(s) RASTER SIZE: 320xm RASTER 1YPE: Mall KI
FILE NAME: FEBISP10 DATE : 15 Feb 24 14:40 ACQUISITION TIME: 15.0 MIN. TOTAL TNTEGRAL : 2278670
APCI/CLARK: SAMHPLE X-20602-130-C;  PELLET 2
+ IONS PRINARY GOW: LMIG TIME RECORDEIR: 1-Stap IDC X-Y SOURCE: Raster TIME PER CHANNEL: 1250
DATA SET: 1 Spactra;: & Image(s) RASTER SIZE: $20pm RASTER TYPE: Pull XI
FIGURE
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COUNTS PER CHANNEL

CEARLES EVANS & ASSOCIATES

301 Chesapeake. Drive
Redwood City, CA 94061 USA- .
Phooe: (415)-36%-4567; ru5-159=1311
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FILE NAME: FEB1OP2 DATE : 10 Fab %4 14:2% AQUISITION TIME: 15.0 MIN. TOTAL INTEGRAL : 1211702
MPCI/CLARK; SAMPLE X20602-130-A; FIZST PELLETT; SPOT 1
« IONS PRIMARY GUN: LMIG TIME RECOADIR: 1-Stop IDC X«¥ SOORCE: Raster TIME PTR CHANNEL: 312
DATA SET: 1 Spectra; 5 Imagels) RASTER SIZE: 820um RASTER TTPE: Full ®I
FILE NAME: FEB1SPS DATE : 15 Feb 94 12:55  ACOUISITION TIME: 15.0 MIN.  TOTAL INTIGRAL : 376138
APCI/CLARX:; SAMPLE X-20602-110-B; PELLET 3 -
+ JONS PRIMARY GOUN: LIMIG TIHE RECCRDER: 1-Stop TDC X-Y SOURCE: Raster TIME PER CHANNEL: 125
DATA SET: 1 Spectra; ¢ lmage(s) RASTER SIZE: S20ym  RASTER TIVE: Pull nl
FILE NAME: FEB1S5P10 DATE : 15 Fed %4 314:40 ACQUISITION TIME: 15.0 MIN. TOTAL INTEGRAL : 2278670
APCI/CLARK: SAMNPLE X-20602-130-C;  PELLET 2
+ IONS PRIMARY GUW: LMIG TIME RECORDER: l-Stop TDC X-7 SOURCE: Raster TIMNE PER CHMANNEL: 12%35.
DAIA SET: 1 Spectra; & lmage(s) EASTER SIZE: S2oum RASTER TIPE: Mall NI
FIGURE
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COURTS PER CHANNEL

CHARLES EVANS &. ASSOCIATES

301 Chesapeake Drive - .
Redwood City, CA 94063 USA
Fhome: (415)-363-4567; FAX: 369-T7921
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FIL: MAME: FERLOPZ DATE : 10 Feb %4 14:3%  ACQUISITICN TIME: 15.0 MIN.  TOTAL INTEGRah : 1311701
APCI/CLARK: SAMPLE X230603-130-A; FPIRST PELLETT; SPOT 1
+ ICNS PRIMARY GUN: LMIG TIME RECCEDER: 1-Stoep IDC X-Y SOURCE: Raster TIME FER CHANNEL: 312
DATA SET: 1 Spectra: § Imagels)  RASTER SIZE: 820pm  RASTER TYPE: Full KT
FILE NAME: FEB1sPSE DATE : 15 Feb %4 12:55  ACQUISITION TIME: 15.5 MIN.,  TOTAL INTEGRAL : 376308
APCI/CLARK: SAMPLE X+20602-130-B;  PELLET 3
+ JONS PRIMARY GUN: LMIG TIME RECDRDER: 1-Stop TDC X-Y SOURCE: Raster TIME PER CRANNEL: 1250

DATA SET: 1 Spectra; § Image(s) RASTER SIZE: $20pm RASTER TYPE: Pull NI

FILE NAME: FER15P10 DAIE : 15 Feb %4 14:40 ACQUISITICN TIME: 15.0 MIM. TOTAL INTEGRAL : 22756738
APCI/CLARK: SAMNPLE X-20602-130-C: PELLET 2

+ IONS PRIMARY GUN: IMIG TIME RECCRDER: 1-Stop TDC X-Y SCURCE: Raster TIME PIR CHANNEL: 1250
DATA SET: 1 Spectra; & Image(s) RASTER SIZE: 820:m RASTEZR TYPE: Full NI

% PIGTRE
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CHARLES EVANS & ASSOCIATES

301 Chesapeake Drive
Redwood City, CA 94083 USA_ - .
Prope: [415)-262-4567; FAX: 363$-7921
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PILE KAME: PEBLGPY . DATE : 15 Feb 94 9:34 ACQUISITION TIME: 15.0 MIN. TOTAL INTEGRAL : 596754
APCL/CLARK; SAMPLE X20602-130-A; PELLET 2
- ICNS PRIMARY GUM: LMIQ TIMZ RECORDER: 1-Stop TOC  X-Y SOURCE: Raster TINE PER CHANNEZ: 1350
DATA SET: 1 Spectra; 5 ITmage(s) RASTER SIZE: 820um RASTER TYPE: Full NI
PILE KAME: PEB1SPL. DATE : 15 Pub 94 12:88 ACQUISITION TIME: 15.0 MIN. TOTAL INTEGRAL : 37612a
APCL/CLARK; SAMPLE X-20602-130-B;  PELIET 3
+ IONS FPRIMARY GUN: LMIG TIME RECORDER: i-Stop TDC X-Y SOURCE: Raster TIME PEZR CHANNEZ: 1250

DATA $ET: 1 Spectra; € Image(s) RASTER SIZE: &26)m  RASTER TYPE: Pull NI

FILE NAME: FEB1S5P10~ DATE : 15 Feb %4 14:40 ACQUISITION TIME: 15.0 MIN. TOTAL INTEGRAL : 2275470
APCI/CIARK;: 3AMNPLE X-20602-130-8; PELLET 2
+ IONS PRIMARY GON: LMIG TIME RECORDER: 1-Stap TOC X+T SOURCE: Rascer TIME PER CHANNEL.: 1250
DATA SET: 1 Spectrz; ¢ Image(s) RASTER SIZE: 3205w RASTER TYPEZ: Pall NI

FIFAEZ



COUHTS PER CHANHEL COURTS PER CHANNCL

COUNTS PER CHNNNEL

CHARLES EVANS & ASSOCIATES

301 Chesapeake Drive
Redwood City, CA 940613 asa
Phone: (41S5)-363-4567; FAX: 363-Tall
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FILE NaME: FEB1CP2 DATE : 15 Feb 94 9:24 ACCUISITION TIME: 15.0 MIN. TOTAL INTEGHAL : 596754
MPCI/CLARK; SAMPLE X20602-130-A; PSLLET 2
+ IONS PRIMARY GON: LMIG TIME RECORDER: 1-5top TDC  X-Y SOURCE: Raster  TINE PIR CMANNEZL: 1253
DATA SET: 1 SpectTa: 5 Imagel(s) RASTER SIZZ: 120w RASTER TYPE: Pull NI
FILE NAME: PEB1SPt DATE : 1S5 Peb 94 12:5% ACQUISITION TIME: 15.0 MIN. TOTAL INTEGRAL : 376338
APCI/CLARK; SAMPLE X-20602-130-8; PELLET 3
+ IONS PRIMARY GUN: LMIG TIME RECORDER: 1-Step TDC  X-Y SOURCE: Raster TIME PSR CHANNEL: 1254
CATA SET: 1 Spectia; & Image (s} RASTER SIZE: #20um RASTER TYPE: Pull NI
FILE NAME: PEBISPLO DATE : 15 Feb %4 14:40 ACQCISITION TIME: 15.0 MIN. TOTAL INTEGRAL : 2275672
APCL/CLARK; SNMIPLE X-~20602-3130-C; PELLET 2
+ IONS PRIMAXY GUN: LMIQ TIMZ RECOADER: 1-Stop TDC  X-Y SOURCE: Raster  TINE PER CHANNEL: 1250
DATA SET: 1 Spectra; & Image(s) RASTER SIZE: 520sm RASTER TYPE: Pull NI .
FIGGRE _’1__
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CHARLES EVANS & ASSOCIATES

Phone: (415}-389-4567; FAX:- }63-7931

101 Chesapeake Drive
Redwood City, CA 34963 USA
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FILE NaME: FERLOR2 DATE : 15 Feb 34 9:24 AMQUISITICN TIME: 15.0 MIN. TOTAL INTEGRAL : 594754
APCI/CLARK; SAMPLE X20602-130-A; PELLET 2
+ IQONS PRIMARY GUN: LMIG TIME RECORDER: 1-Stop TOC X-¥ SCORCE: Raster TIME P=3 CHEANNITL: 1255
DATA SET: 1 Spectra; 5 Image(s) RASTER SITX: 820um RASTER TYPE: Pull NI
FILE HOME: FERISPS DATE : 15 FPeb 94 12:35 ACQUISITION TIME: 15.0 MIN. TOTAL INTEGRA- : 374308
APCL/CLARK; SAMPLE X-20602-1)0-3; PELLET .3
+ IONS PRIMARY GUN: LMIG TIME RECORDER: 1-Stop TDC X-Y SOURCE: Rastser TIME FER CHANNEIL: 128D
DATA SET: 1 Spectra; €& Image(s) RASTER SIZR: $20;m RASTER TYPE: PMull NI

FILE NAME: FRB1SPlO DATE : 15 Peb 34 14:40 ACQUISITION TIME: 15.0 MIN. TOTAL INTEGRAL : 2273670

APCI/CLARK; SAMIFLE X-20602-120-C; PELLET 2
- IONS PRINARY GOW: LMIG TIME ARCORDEX: i-Stop TDC X-Y SOURCE: Rastar TIME PER CHANNEL: 125:
DATA SET: 1 Spectya; € Image(s) RASTER SIIX: S20um RASTER TT78: Mull M3 ’

FIGTRE S
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FILE NAME: FES1QP2 DATE : 15 Peb 54 9:24 ACQUISITION TIME: 15.0 MIN. TUIAL INTEGRAL : S$3§754
APCI/CLARK; SAMPLE X20602-130-A; PELLET 2 ‘
+ IONS PRIMARY GUN: LMIG TIME RECORDER: 1-Stop TDC  X-Y SOURCE: Raster TIME P2 THANNIL: 1350 -
- DATA SET: 1 Spectra; § Image(s) RASTER SIZE: 620um RASTER TYPE: Pull NI
FILE NAMR: FER1S3s DATE : 15 Feb %4 12:55 ACGUISITICN TIME: 15.0 MIN. TOTAL INTEGRAL : 37618
APCI/CLARK: SAMPLE X-20601-130-B;  $ELLET 3
+ IONS = PRIMARY GUN: LMIO TIME RRCORDER: 1-STop IDC  X-Y SOURC2: Raster TINE PER CHANNT.: 1250
DATA SET: 1 Spectra; & Image(s) RASTER SIZE: 320xm RASTER TYPE: Pull NI

FILE HAME: FEALS»0 DATE : 15 Feb 34 14:40 ACQUISITION TIME: 15.0 HIN. TOTAL INTEGRAL : 3275670
APCL/CLARK: SAMNPLE X-20602+130-C; PELLEY 2
+ ICNS PRIMARY GUN: LMIG TIME RECORDER: 1-Step IDC X-Y SOURCE: Raster TIME PER CHANNTL: 1250
DATA SET: 1 Spect=a; ¢ Image(s) RASTER SIZE: s20um RASTER TYPEZ: Full NI
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Redwood City, QA 94043 USA
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FILE NAME: FEB10P2 DATE : 15 Feb % 9:24 ACQUISITICN TIME: 35.0 MIN. TOTAL INTESRAL : S9§754
APCI/CLARK; SAMPLE X20602-130-A;  PELLET 2
+ TONS PRIMARY CON: LMIG TINE RECORDER: 1-Step TDC X-Y SOURCE: Raster TIME PIk CHANNZL: 123
DATA SET: 1 Spectra: S Image(s} RASTER SIZE: S20m RASTER TYPE: Full NI
FILE NAME: PFEBISPS DATE : 15 Feb %4 12:55 ACQUISITION TIME: 15.0 MIN. TOTAL INTEGRAL. : 376308
APCL/CLARK; SAMPLE X-20602-130-B; PELLET 3
+ IoNS PRIMARY GUN: LMIG TIME RECORDER: 1-Stop TOC X-Y SOURCE: Raster TIMZ PSR CMANNEL: 1253
DAIA $ET: 1 Spectra:; ¢ Imagels) RASTER SIZE: 820um RASTER TYPE: Full NI
FILE HAME: FEB1SP1O BATE : 15 Feb 94 14:40 ACQUISITION TIME: 15.0 MIN. TOTAL INTZGRAL : 2278670
APCI/CLARK; SAOIPLE X-20603-130-C;  PELLET 3
+ IOMS PRIMARY GUN: LMIG TINE RECORDER: 1-Stop TDC X-Y SOURCT: Raster TIME PPR CHANNEL: 125

DATA SET: 1 Spectra; ¢ Image(s) MASTER SIZE: 820xm RASTER TYPE: Pull NI

PIGERE ¥

—



TOIM COUNTS [.033 amu bIn)

TOTAL COUNTS ¢.Q33 amy bin)

TOTAL COUNTS (.03) amu bin)

CHARLES EVANS & ASSOCIATES

301 Chesapeake Drive

Redwood City,

Phone: (415)-369-4567; FAX:-36§-7921

CA $4083 UsSA

16

aamj 13
50060

&

13

g i

16

[ 5 R 15

FILE NAME: FERLOM2 DATE : 15 Feb %4
APCIL/CLARK: SAMPLE Z-20601-130-A;
-~ IONS PRIMARY &IN: LNIG
DATA S3T: 1 Speciza; 1 Image(s)

*:46
PELLET 2
TIME RECORDER: 1

RASTER SIZE:

FILE NAME: FEB1ON4 DATE : 15 Peb %4 10:18

APCI/CLARK; SAMPLR I-20602-130-B; PELLET 2
- ICHS§ PRIMARY GON: LAIG TIME RECORDER: 1
DATA SET: 1 Spectra; 5 Izagelw) RASTER SIZE:

FILE NAME: FEB1SN1¢ DATE : 15 Peb 94 15: 1

APCI/CLARK; SAMPLE X-20602-130-C; PELLET 2
- ICKRS PRIMARY GXIN: LRIG TIME RECORDER: )
DATA SET: 1 Spectra; & Image(s) RASTER SIZE:

/e

-stop TDC
$20um

Faj

ACQUISITION TIME:

ACQUISITION TIME:

15.0 MIN.

5

X-Y SOORCE: Raster
RASTER TYPE: Pull NI

o

TOTAL INTEGRAL : 1149172

TIME PZR CHANNEL: 1280

15.0 MIN. TOTAL INTEGRAL : 574258
-Stop IDC X-Y SOURCE: Raster TIME PER CHANNZL: 1250
120w RASTER TYIPE: Pull NI
ACQUISITION TDMR: 315.0 MIN. TOTAL INTEGRAL : 25323&s
-Stop TDE  X-Y SOURCE: Raster TIME PER CHANNEL: 1250
$20um RASTER TYPE: Pull NI ’
~
PIGTRE -
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TOTAL COUNTS {.033 am: bin)

TOTAL COUNTS (.033 amu bin)

CHARLES EVANS & ASSOCIATES

301 Chesapeake Drive
Redwoad City, CA 940463 USA |
Phode: {415}-363-4567; FAX: 6377921
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FILE RAME: FER31ON2 DATE : 15 Zeb %4  9:46 ACQUISITION TIME: 15.0 MIN. TCTAL INTECRAL : 1149133
APCI/CLARK; SAMPLE X-20602-130-A;  PELILET 2
~ IONS PRIMARY GUN: LMIG TIME RECORDER: 1-Stop TDC X-Y SQURCE: Raster TIME PER SWANNEL: 1253 -
DATA SET: 1 Spectra; 3 Image(s) RASTER SIZE: 820zm RASTER TYPB: Pull NI
FILE NAME: FES10N4 DATE : 1% Peb 834 10:18 ACQUISITION TIME: 15.0¢ MIN. TOTAL INTEBGRAL : 574253
APCI/CLAZK; SAMPLE X-~20602-130¢-3; PELLET 2
- IONS PRIMAZY GOUM: LMIG TIME RECORDER: 1-Stop TDC X-Y SOURCE: Raster TIME PER THANNEL: 1250
DATA SET: 1 Specira; 5§ Imagel(s) RASTER SIZE: $20um RASTER TYPE: Pull NI
PILE NAME: FEB1SN10 DATE : 15 Fed 94 15: 3 ACQUISITION TIME: 15.8 MIN. TOTAL INTEGRAL : 2512363
APCI/CLARX; SAMPLE X-20603-130-C;  PELLET 2
- IORS PREMARY GOUN: LAMIQ TIME RECORDER: 1-Stop TDC X+T SOCRCE: Raster TIME PER CHANNEL: 1250
DATA SET: 1 Spectra; ¢ Iazage(s) RASTER SIZE: 820m RASTIR TYPE: PFull ui
v
FIKRE _ V.
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TOTAL COUNTS (.04 ams bin) YOTAL COUMES (. 044 am: bitn)

TRTAL COUNTS {.044 smy bin}

CHARLES EVANS & ASSOCIATES

301 Chesapeaxe Drive
Redvood City, CA 34063 USA . .
Phome: {415} -36%-4567; FAX: 3¢%-791:
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FILE RAME: PES10MZ DATE : 15 Peb 94 9:46  ACQUISITION TIME: 15.0 MIN.  TOTAL INTEGRAL : 1141172
APCI/CLARK,; SAMPLE X-20602-1230-2; PELLIET 2
- TOMNS PRIMARY GIH: IMIG TIME RECORDER: 1-Stop TPC X-¥ SCURCE: Raster TIME PER CHANNEL: 125:°

DATA SET: 1 Spectra: 3 Image(s) RASTER SIZE: 82Qum RASTER TYPE: Pull NI

FILE HAME: FE310N4 DATE : 15 Feb 94 10:18 ACQUISITION TIME: 15.0 MIN. TOTAL INTEGRAL : 574253
APCL/CLARK: SAMPLE X-20602-130-8; PELLET 2
- IONS PRIMARY GUN: LMIG TIME RECORDER: 1-Stop TRC X-Y SOURCE: Raster TIME P32 CHANNEL: 1250

DATA SET: 1 Spectra; S Image(s} RASTER SIZE: §20xm RASTER TYPB: Pull NI

FILE MNAMB: FPR1SK1C DATE : 15 Feb 94 15: ) ACQUISITION TIME: 15.0 MIN. TOTAL INTEGRAL : 2532363
APCI/CLARX; SAMPLE X+20602-130-C: PELLET 2
« JONS PRIMARY GON: LMIO TIMZ RECORDER: 1-Stop TDC X-Y SOURCE: Raster TIME PER CHMANNEL: 1250

DATA SET: 1 Spectra; 6 Imagela) RASTEIR SIZE: 020.m RASTER TYPE: Pull NI

“ FPIGURE
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COUNTS PLR CHANHEL

CHARLES EVANS & ASSOCIATES
301 Chesapeake Orive
Redvood City, €A 4062 US: |
Phome: (415)-349-4567; FAX: )ts_:_'»:z.
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FILE NAME: FER10N2 DATE : L5 Feb 94 3:46 ACQUISITION TIME: 15.0 MIN. TOTAL INTEGRAL : 1149172
APCI/CLAIK;: SAMPLE X-20602-130-A; PELLET 2
- IONS PRIMARY CGUN: LMIG TIME RECORDER: 1-Stoep IDC X-Y SCCRCE: Raster TIME PER CMANNEL: 1253-

DATA SET: 1 Spectra; 3 Inagel(s) RASTER SIZE: 8X0um RASTER TYPEZ: Pull NI

FILE RAME: PEBIONA DATE : 15 Feb %4 10:18 AMQUISITION TIME: 15.0 MIN. TOTAL INTEGRAL : 5742%3
APCI/CLARK; SAMPLE X-20602-130-3; PELLET 2
- ICHS PRIMARY CUN: LNIG TIME RECORDER: 1-Stop IDC X-Y SOURCE: Raster TIME PER CMANNEL: 1252
DATA SET: 1 Spectra; 5 Image(s) RASTER SIIX: 8$20um RASTER TYPE: Pull NI

FILE NAME: FEBISNID DATS - 15 Feb %4 15: 3 ACTUISITION TIME: 15.0 MIN. TUTAL INTEGRAL : 2532168
APCYL/CLARK; SAMPLE X-20602-130-C; PBLLET 2
- IONS PRIMARY GON: ILMIO TIME RECORDER: 1-Stop TDC X-Y SOURCE: Raster TIME PER CHANNEL: 12£2

DATA 3ET: 1 Spectra; & lmagels) RASIER SIXy: 330un RASTER TYZFE: Full NI
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TOTAL CORNTS (. FH1 smu biin)
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CHARLES EVANS & ASSOCIATES

301 Cresapeake Drive
Redwood City, CA 24063 USA:
Phone: (4151+369-4587; FAX: 369-7321
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FILE KAME: FEB1OH2 DATE : 15 Feb %4 3:46 ACQUISITICN TIME: 15.0 MIN. TCTAL INTISAAL : 1149172
APCI/CLARK; SAMPLE X-20602-310-A;  PELLIT 2
- ICNs PRIMARY UMN: LMIG TIME RECORDER: 1-SEcp To¢C X-Y SOURCE: Raster TIMZ PZR CHANNEL: 13%C
DATA SET: 1 Spectra; )} Image(s} RASTER SIZE: Si10ym RASTER TYPZ: Full NI
FILE NAME: FEBLON4 DATE : 15 Feb 94 10:11 ACQUISITION TIME: 15.0 MIN. TOTAL INTESRAL : 574253
APC1/CLARK; SAMPLE X-20602-130-B; PELLET 2
- IONS PRIMARY GUH: LMIG TIME RECORDER: 1-Stop TDC X-Y SOURCE: Raster TIME P2 CHANNEL: 1353

DAZA SET: 1 Spectxa; 5 Image(s) RASTER SIZE: S20pm RASTER TI_PI: Fall NI
FILE HAME: FEB1SN1O DATE : 13 Fed %4 15: 3 ACQUISITION TIME: 15.0 MIN. TOTAL INTEGRAL : 2532361
APCI/CIARK; SAMPLE X-20602-1)0-C; PELLET 2

- IONS " PRIMARY GUNW: LMIO TIME RECORDER: 1-Stop IDC X-7 SOQURCE: Raster TIME PER CHANNEL: 125°
DATA SET: 1 Spectra; ¢ Image(s} RASTER SIZE: 820xm XASTER TIPE: Pull NI

PIGURE .
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Static Secondary Jon Mass Spectrometry (Static SIMS)

A schematic diagram of the Static SIMS eiperimcnt is sﬁom_ below:

PRIMARY 10N | SPUTTERED PARTICLE
_ ($ 10N OR NEUTRAL)
vacuum - ¢ -

A me

SOUID 7 7 /7 N7 777 CLLIA T TT7

- o - - e ek e -

ESCAPE DEPTH

PRIMARY ION
PENETRATION DEPTH

|

IMPLANTED ION

this experiment, a sample (under vacuum) is bombarded by & primary iou beam (Ar, Xe,
7/ GaYor Cs). The ion implants in the solid lattice and generates an ares of perturbation
\“¥sfown as 2 collision cascade. This colision cascade results in the desorption of positively
and negatively charged secondary jons, neutral species, and electrons. The positive and
negative secondary ions are then extracted from the gas phase and mass analyzed ina
time-of-flight based mass analyzer.

Whea the SIMS is experiment is conducted under static conditions, the primary ion bearn
current density is reduced so as to promote the desorption of intact molecular species.
Thus, Static SIMS can provide unambiguous identification of species at the sample
surface.

Currestly, the Static SIMS data are collected on & Charies Evans & Associates TFS SIMS
instrument located st Charles Evans & Associates in Redwood City, CA.  Data analysis is

conducted in house, using 2 TFS SIMS computer workstation Joczied in the CRSD-
Surface Science Laboratory (R&D3/D155).

f‘?ﬁ'A eH MERT [
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SEP-22-1395 BBi24 FROM APCI [RON RUN 70 15633 P.B2

To: N. R. Shaub Dept/Ext. Pacilides Sves/X6534
From: T.A. Dahl DeptUExt.  GETC/X6361
Date: May 10, 1995

Subject: Field Test Unit (FTU) at Iron Run.

CC: D.M. Brown Dept/Loc. PSG Tech/A3IE2
B.A. Toseland Dept/loc.  GETC/7066

Unit Summary:

The Ficld Test Unit (FTU) will be contained in a 48 fool trailer consisting of office and labratory
space. The Unit will processes Synthesis' Gas, by passing it through scveral adsarption beds to remnove wace
impurities from the gas stream. The gas is piped to a Slurry Phase Reactor where a percentage of the Gas
ts converted 1o Aleohol's. The reactor effiuent is analyzed by G.C., then ventod 10 atmosphere.

The process Gas enters the Lab portion of the trailer at approximately 800psig. It can then be
reduced by a regulator or increased by a compressor. When the gas is at the desired pressure, Maximum of
1300psig, it then passes through the adsorber sysicm 1o remove any impurities in the gas stream. The clean
gas is then piped to the reactor system . here again the pressure can be cither increased or decreased as

necessary. The reactor will operate at pressures to ] 300psig and temperatures to §70 F. The product of the
reactor is analyzed then vented 10 an exhaust stack. No product will be produced.

An excess flow valve in the process gas feed line just inside the Tab wall, limits the feed gas to a
maximum of 15 Liters / minute = 0.5298 cubic feet/ minute or 31.8 cubic foet/ hous. Pressure switches and
relief valves are installed in the system to prevent over pressurization.

The exhaust gas flow will be sufficieat to dilute the vented product gas 1o a non hazardous level.
Flammable and toxic gas monitors are located in the wailer . These monitors will cause the system to shut
down if an unsafe condition should oceur.

NFPA Rating of this laboratory:
Fire4
Heallh-2
Reacavity-1

Emergency asscssment on the above rating, as well as the Unit's hazards review, will be availabic upon
request. :

1.A. Dahl

SgP 22 '95 29:43 518 481 4aSeb PAGE. B2
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T T. A. Dahl DeptAoc.. G&E Tech. Center, 17066
fom:  Kevin B. Snyder _gﬁ_a_g___ Dept/Ext:  EH&S, TT Area Fadilities

Date: 23 August 1995

Subject: Minor Source Determination for Methanol Synthesis Field Test Unit,
Microclave System and Autoclave System

¢ J. A Berseth (A6121)/Tile 3.0.3
T. E. Solodar (A33G1)
R. W. Skinner (A6126)

Pennsylvania's Department of Environmental Protection (DEP) has
determined that your methanol synthesis sources at Iron Run are
exempted from requiring a construction or operating permit because they
are all minor sources of contamination. If the quantities of pollutants
emitted change because of a change in the process or there is an increase
in the hours of operation, please let me or Ron Skinner know.

A copy of the three minor source approvals are attached for your records.

Attachments

I\ \Decumant \ Srydorc \KDA2NE

FORN 1020 OV, 40

SEP 22 'S5 89:44 610 48. 45eg PAGE.23



PRaN LN U 3833 ~. 904

COUNTY:

per~ce~izzy  <z-ed  mrU e

COMMONWEALTH OF PENNSYLVANIA )
DEPARTMENT OF ENVIAONMENTAL RESOURCES |
BUREAY OF AIR GUALITY CONTASL. .~ |

Request for Determination of Requirement
for Plan Approval/Operating Permit Application
{Submit In Triplicate) RS

T
Type of Source: __M_“i%&;g__

Dats of Instaliation: | /‘?’9(;’ S
Owner of Source: _ALr Products & Chemicals, Inc.

L 27 0gs

A

Employer 1.D. No.. _£3-/2 S5

Mailing Address: .F-0. 3ox 25780, Lehigh Valley, PA 18002-5780 (Iron 'Run)

Contact Person: ___ Kevin B. Sovder Telephone: 610-481-6238

Location of Source{s):

Street Address: _ 7066 Snowdrifr Road

Municipality: Upper Macungie Township

Estimated Emissions: F+eld Test Unit (FIU) County: Lehigh
Di-Methyl)
Pollutant | cO | Bz {COz2 { Nz |Methanol | Ether
Quantity g e b -g . Signature Thomas A. Dahl
v = Research Specialist
. ° B[+ Title ’
Qo 1 8 | & | & | | 4.6 | 390.7 _
A I S B B 719/ 95
1. Averaged 20 days per month, 24 hrs. per day Date

‘OFFICIAL USE ONLY

Date Received:

Reviewed By: _ﬂdJ j- ¢/ %L\kﬁ
7

Pursvant 1o the authority contdinedin 25 PA Code 112774131 the
sourcels} is exempitd from the plan approval and peimitiing re-
qerements. This determination does not exemnpt the source(s) from
somphance with all other applicable air quality regulations,

e P GHL

"LHIEF - ENGINEERING SERVICES SECTION™

-

AUG 15 yog¢

SEP 22 'S5 09:44

The sourceis! doas not quakly for exemption from plan approvaliper-
mitting requiremants undes PA Code 1127.14(8) aad plan 3pproval
apphication(s) must be submitted. The Department ia prohibited from
acung &n an Jppleation vl 30 days sher the mynicipality and
county have received noufication by the compiny. Perinent forms
yre inached,

Sqrirwre

Ten

(Over)

€18 481 4366 PRGE . B4
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Field Test Description

The Field Test Unit (FTU) processes synthesis gas, by passing it first through
several adsorption buds to remove trace fmpurities. The gas is then piped teo a
300 cc Autoclave Reactor which converts 2 percentage of the gas to Methanol and
Dimethyl Ether. The Reactor effluent is analyzed by Gas Chromatograph, then
vented to atmosphere thru a vent stack. The veat stack is 20 feet high, with
1000 f:3 per minute air flow. For safety reasoms, the process gas is shut off
at the source if air flow is lost in the vent stack.

OFFICIAL USE ONLY

Remarks:

-

Recycled Paper 55

PAGE.BS
SEP 22 'S5 89:44 610 481 45eb6 =
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Memorandum T FPRODUCTS R
n Tom Dahl Dept/Loc.: PS&E Res. /17066

From: Dean Chin-Fatt Dept/Ext.: CRSD-ATC RD3/ X3666

Date: 6 April 1994 Separations Laboratory

Subject: Gas Chromatographic Equipment for Mobile Trailer

cc: CS File; P.J. Clark; A.J. Di Gioia; LB File

Enclosed is the equipment cost for the gas chromatographs required for the new mobile trailer. From the
meeting on 21 March, 1995, it had been decided that the new chromatographs should be configured to do the
same gas analyses as done by the GCs in the previous trailer. However, some additional requirements were
added. First, the data acquisition is to be done by PE Nelson Turbochrom (simmilar to the system used in Lab
17). Second, the PID used to do the sulfur analysis in the old system is no longer a viable method to do this
analysis, a new detector needed to be found to do low levels of sulfur. Lastly, due to limited space it was

desired not to have integrators and to have all data acquisition and valve control through PE Nelson
Turbochrom.

The following systems should meet the above requirements. The "Poisons GC" will be an HP-68%90 GC with
one electronic pressure controlied (EPC) packed injector and the appropriate valving to do simultaneous

Jjections of the sample onto two columns. One column will be interfaced to an Hewlett-Packard Electron
Capture Detector (ECD) to do the nickel and iron carbonyls and the other column to a Sievers Sulfur
Chemiluminescence Detector (SCDj to do trace sulfur analysis. The SCD will monitor carbonyl sulfide,
hydrogen sulfide and sulfur dioxide to 0.03 mg/L.

The second "Bulk Gas GC" will be another HP-6890 GC with two thermal conductivity detectors (TCD), one
flame ionization detector (FID) with full EPC. The FID will be configured to do hydrocarbon anaiysis or
alcohols. The first TCD analyzes for carbon dioxide, oxygen, nitrogen, methane and carbon monoxide. The
lower limit for all components is 200 ppm except for carbon monoxide which is 400 ppm. The second TCD

detects hydrogen to a lower detection limit of 100 ppm. The TCD signals are electronically summed to provide
a single signal output.

These GCs will be configured by Wasson ECE, a certified Hewlett-Packard channe! supplier. The base HP-
6890 instrument is purchased from Hewlett-Packard and shipped to Wasson along with the Sievers SCD.
Wasson will install the Sievers detector, the necessary valves, and columns to perform the analyses stated
above. Upon completion of the configuration Wasson will test, install the equipment, train personnel in the use
of the equipment and guarantee the performance of the GCs to meet all the detection limits specified above.
The Nelson Turbochrom equipment and computer work station will have to be ordered separately and installed

in the trailer when the GCs arrive. Turbochrom cannot as yet fully control the new HP-6890 GC so Turbochrom
900 series A/D interfaces will have to be used.

Automation of the stream selection system will be done by Chatham Instruments. Since integrators will not be
.sed the Nelson Turbochrom system will have to be able to control the stream select valves. This will require
that some external computer code be written for Turbochrom to fully control and read the sample stream
number from the stream select valves into the computer. The old stream select valves can be refurbished and



used again in the new systern to help control cost. As of yet I do not have a quote for the stream selectvaive
automation. T



COST ESTIMATE

Mobile Trailer
System 1 "POISONS GC"
Part No, Price
Hewlett-Packard 1540A HP-6890 GC 7642.20
Option 102 EPC Packed Injector 1889.40
Option 230 ECD 3402.80
Sievers Model 355 SCD 15630.00
Wasson ECE Configuration 14855.00
Subtotal 43419.40
“ystem 2 "BULK GC"
Part No. Price
Hewlett-Packard 1540A HP-6890 GC 764220
Option 102 EPC Packed Injector 1889.40
Option 112 EPC Capillary Injector 2603.80
Option 220 TCD with EPC 2603 .80
Option 210 FID with EPC 2603.80
Option 301 3 Channel EPC 1518.10
Wasson ECE Configuration 17125.00
Subtotal 35986.10
Grangd Total 76405.50
.



